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PREFACE. 


Industrial  Design  is  destined  to  become  a  universal  language;  for  in  our  material  age  of  rapid  transition  from  abstract, 
to  applied,  Science — in  the  midst  of  our  extraordinary  tendency  towards  the  perfection  of  the  means  of  conversion,  or 
manufacturing  production — it  must  soon  pass  current  in  every  land.  It  is,  indeed,  the  medium  between  Thought  and 
Execution ;  by  it  alone  can  the  genius  of  Conception  convey  its  meaning  to  the  skill  which  executes — or  suggestive 
ideas  become  living,  practical  realities.  It  is  emphatically  the  exponent  of  the  projected  works  of  the  Practical 
Engineer,  the  Manufacturer,  and  the  Builder ;  and  by  its  aid  only,  is  the  Inventor  enabled  to  express  his  views  before 
he  attempts  to  realise  them. 

Boyle  has  remarked,  in  his  early  times,  that  the  excellence  of  manufactures,  and  the  facility  of  labour,  would  be 
much  promoted,  if  the  various  expedients  and  contrivances  which  lie  concealed  in  private  hands,  were,  by  reciprocal 
communications,  made  generally  known ;  for  there  are  few  operations  that  are  not  performed  by  one  or  other  with 
some  peculiar  advantages,  which,  though  singly  of  little  importance,  would,  by  conjunction  and  concurrence,  open  new 
inlets  to  knowledge,  and  give  new  powers  to  diligence  ;  and  Herschel,  in  our  own  days,  has  told  us  that,  next  to  the 
establishment  of  scientific  institutions,  nothing  has  exercised  so  powerful  an  influence  on  the  progress  of  modern 
science,  as  the  publication  of  scientific  periodicals,  in  directing  the  course  of  general  observation,  and  holding  conspi- 
cuously forward  models  for  emulative  imitation.  Yet,  without  the  aid  of  Drawing,  how  can  this  desired  reciprocity 
of  information  be  attained;  or  how  would  our  scientific  literature  fulfil  its  purpose,  if  denied  the  benefit  of  the  graphic 
labours  of  the  Draughtsman  ?  Our  verbal  interchanges  would,  in  truth,  be  vague  and  barren  details,  and  our  printed 
knowledge,  misty  and  unconvincing. 

Independently  of  its  utility  as  a  precise  art,  Drawing  really  interests  the  student,  whilst  it  instructs  him.  It 
instils  sound  and  accurate  ideas  into  his  mind,  and  develops  his  intellectual  powers  in  compelling  him  to  observe — as 
if  the  objects  he  delineates  were  really  before  his  eyes.  Besides,  he  always  does  that  the  best,  which  he  best  under- 
stands ;  and  in  this  respect,  the  art  of  Drawing  operates  as  a  powerful  stimulant  to  progress,  in  continually  yielding 
new  and  varied  results. 

A  chance  sketch — a  rude  combination  of  carelessly  considered  pencillings — the  jotted  memoranda  of  a  contem- 
plative brain,  prying  into  the  corners  of  contrivance — often  form  the  nucleus  of  a  splendid  invention.  An  idea  thus  pre- 
served at  the  moment  of  its  birth,  may  become  of  incalculable  value,  when  rescued  from  the  desultory  train  of  fancy, 
and  treated  as  the  sober  offspring  of  reason.  In  nice  gradations,  it  receives  the  refining  touches  of  leisure— becoming, 
first,  a  finished  sketch, — then  a  drawing  by  the  practised  hand — so  that  many  minds  may  find  easy  access  to  it,  for  their 
joint  counsellings  to  improvement — until  it  finally  emerges  from  the  workshop,  as  a  practical  triumph  of  mechanical 
invention — an  illustrious  example  of  a  happy  combination  opportunely  noticed.  Yet  many  ingenious  men  are  barely 
able  even  to  start  this  train  of  production,  purely  from  inability  to  adequately  delineate  their  early  conceptions,  or 
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tarnish  that  tnnscript  of  their  minds  which  might  make  tlirir  thonghts  immortal.     I 

only  in  mitigating  this  evil,  it  will  not  entirely  fail  in  il  I     it  will  at  least  add  ■  I  the  [adds  of 

Intelligence,  and  fom  a  few  more  approach  lot  Perfection — 

i  luut  not  lo«t  an  hoar  whereof  there  ii  a  It 
A  written  thought  at  midnight  will  redeem  the  livelong  day." 

.  of  Industrial  1'  ngn  is  really  as  indispensably  neoeesary  a-*  the  ordinary  rudiments  of  leamii 
•    form  an  •  --.-utial  baton  in  the  education  of  young  persons  for  whatever  profession  or  employment  they  may 
intend  I  the  great  business  of  th.ir  lives ;  for  without  ■  knowledge  of  Drawing,  no  scientific  work,  whether 

relating  to  Mechanics,  Agriculture,  or  Manufactures,  can  1"-  advantageously  studied.    This  is  now  beginning  to 
acknowledgment,  and  the  routi  y  in  all  varieties  of  educational  establishments  are  being  benefited  by  the 

introduction  of  the  art. 

The  special  mission  of  the  /'>■■  ■'<■<'  Draughtsman's  Book  of  Industrial  Design  may  almost  be  gathered  1 
fide-page.     It  is  intended  to  tarnish  gradually  developed  lessons  in  Geometrical   Drawing,  applied  directly  to  the 
various  branches  of  the  Industrial  Arts:  comprehending  Linear  Design  proper;  Isometrical  Perspective,  or  th< 
of  Projections;  the  Drawing  of  Toothed  W heels  and  Eccentrics ;  with  Shadowing  and  Colouring ;  Oblique  Projections; 
and  tin   Btudy  of  parallel  and  exact   Perspective  ;  each  division  being  accompanied  by  Bpecial  applications  to  the 

litecture,  Foundry-Works,  Carpentry,  Joinery,  Metal  Manufactures  generally, 
Hydraulics,  the  construction  of  Steam  Engines,  and  Mill-Work.  In  its  compilation,  the  feeble  attraction  generally 
offered  to  student-  in  elementary  form  has  been  carefully  considered  ;  and  after «  very  gi  ometrical  problem,  a  practical 
example  of  its  application  lias  been  added,  to  facilitate  its  comprehension  and  increase  its  value. 

The  work  is  comprised  within  nine  division-,  approprated  to  the  different  branches  of  Industrial  Design.  The 
first,  which  ooncenm  Linear  Drawing  only,  treats  particularly  of  straight  lines — of  circles — and  their  application  to  the 
delineation  of  Mouldings,  Ceilin  .  Floors,  Balconies,  Cuspids,  Rosettes,  and  other  forms,  to  accustom  the  student  to 
the  proper  use  of  the  Square,  Angle,  and  Compasses.  In  addition  to  this,  it  affords  examples  of  different  methods  <.<( 
constructing  plain  curves,  such  as  are  of  frequent  occurrence  in  the  arts,  and  in  mechanical  combinations 
ellipse, the  oval,  the  parabola,  and  the  volute;  and  certain  figures,  accurately  shaded,  to  represent  reliefs,  exemplifying 

casca  when  these  Curves  are  employed. 

The  second  division  illustrates  the  geometrical  representation  of  objects,  or  the  study  of  projections.    This  forms 
of  all  descriptive  geometry,  practically  considered.     It  Bhows  that  a  Bingle  figure  is  insufficient  for  the  deter- 
mination of  all  the  outlines  and  dimensions  of  a  given  subject;  hut  that  two  projections,  and  one  or  more  sections, 
are  alu  ry  lor  the  due  interpretation  of  interna]  tonus. 

The  third  division  points  out  the  conventional  colours  and  tints  f.r  the  expression  of  the  sectional  details  of  ol 
according  to  their  nature ;  furnishing,  at  the  same  time,  simple  and  easy  examples  which  may  at  once  interest  the 

pupil,  and  familiarise  him  with  the  use  of  the  pencil. 

In  the  fourth  division  are  given  drawings  of  \  atially  valuable  curves, as  Helices  and  different  kinds  of 

Spirals  and  Serpentines,  with  the  intersection  of  surfaces  and  their  development,  and  work-hop  applications  to  Pipes, 

'  i  id  Cocks.      This  Btudy  IS  obviously  of  importance  in  many  professions]  and  clearly  so  to  Ironplatc- 

and  Boiler-makers,  Tinmen  and  Coppersmiths. 

The  fifth  division  is  di  of  carves  relating  to  the  teeth  of  Spur  Wheel-.  Screws  and  Recks, 

and  the  details  of  the  construction  of  their  patterns.    The  latter  branch  is  of  peculiar  importance  here,  inasmuch  as  it 


PREFACE.  v 

has  not  been  fully  treated  of  in  any  existing  work,  whilst  it  is  of  the  highest  value  to  the  pattern-maker,  who  ought 
to  be  acquainted  with  the  most  workmanlike  plan  of  cutting  his  wood,  and  effecting  the  necessary  junctions,  as  well 
as  the  general  course  to  take  in  executing  his  pattern,  for  facilitating  the  moulding  process. 

The  sixth  division  is,  in  effect,  a  continuation  of  the  fifth.  It  comprises  the  theory  and  practice  of  drawing 
Bevil,  Conical,  or  Angular  Wheels,  with  details  of  the  construction  of  the  wood  patterns,  and  notices  of  peculiar  forms 
of  some  gearing,  as  well  as  the  eccentrics  employed  in  mechanical  construction. 

The  seventh  division  comprises  the  studies  of  the  shading  and  shadows  of  the  principal  solids — Prisms,  Pyramids, 
Cylinders,  and  Spheres,  together  with  their  applications  to  mechanical  and  architectural  details,  as  screws,  spur  and 
bevil  wheels,  coppers  and  furnaces,  columns  and  entablatures.  These  studies  naturally  lead  to  that  of  colours — 
single,  as  those  of  China  Ink  or  Sepia,  or  varied  ;  also  of  graduated  shades  produced  by  successive  flat  tints,  according 
to  one  method,  or  by  the  softening  manipulation  of  the  brush,  according  to  another. 

The  pupil  may  now  undertake  designs  of  greater  complexity,  leading  him  in  the  eighth  division  to  various  figures 
representing  combined  or  general  elevations,  as  well  as  sections  and  details  of  various  complete  machines,  to  which 
are  added  some  geometrical  drawings,  explanatory  of  the  action  of  the  moving  parts  of  machinery. 

The  ninth  completes  the  study  of  Industrial  Design,  with  oblique  projections  and  parallels,  and  exact  perspective. 
In  the  study  of  exact  perspective,  special  applications  of  its  rules  are  made  to  architecture  and  machinery  by  the  aid  of 
a  perspective  elevation  of  a  corn  mill  supported  on  columns,  and  fitted  up  with  all  the  necessary  gearing.  A  series  of 
Plates,  marked  A,  B,  &c.,  are  also  interspersed  throughout  the  work,  as  examples  of  finished  drawings  of  machinery.  The 
Letterpress  relating  to  these  Plates,  together  with  an  illustrated  chapter  on  Drawing  Instruments,  will  form  an  appro- 
priate Appendix  to  the  Volume.  The  general  explanatory  text  embraces  not  only  a  description  of  the  objects  and 
their  movements,  but  also  tables  and  practical  rules,  more  particularly  those  relating  to  the  dimensions  of  the  principal 
details  of  machinery,  as  facilitating  actual  construction. 

Such  is  the  scope,  and  such  are  the  objects,  of  the  Practical  Draughtsman's  Book  of  Industrial  Design. 

Such  is  the  course  now  submitted  to  the  consideration  of  all  who  are  in  the  slightest  degree  connected  with  the 
Constructive  Arts.  It  aims  at  the  dissemination  of  those  fundamental  teachings  which  are  so  essentially  necessary 
at  every  stage  fn  the  application  of  the  forces  lent  to  us  by  Nature  for  the  conversion  of  her  materials.  For  "man  can 
only  act  upon  Nature,  and  appropriate  her  forces  to  his  use,  by  comprehending  her  laws,  and  knowing  those  forces  in 
relative  value  and  measure."  All  art  is  the  true  application  of  knowledge  to  a  practical  end.  We  have  outlived  the 
times  of  random  construction,  and  the  mere  heaping  together  of  natural  substances.  We  must  now  design  carefully 
and  delineate  accurately  before  we  proceed  to  execute — and  the  quick  pencil  of  the  ready  draughtsman  is  a  proud  pos- 
session for  our  purpose.  Let  the  youthful  student  think  on  this;  and  whether  in  the  workshop  of  the  Engineer,  the 
studio  of  the  Architect,  or  the  factory  of  the  Manufacturer,  let  him  remember  that,  to  spare  the  blighting  of  his 
fondest  hopes,  and  the  marring  of  his  fairest  prospects — to  achieve,  indeed,  his  higher  aspirations,  and  verify  his  loftier 
thoughts,  which  point  to  eminence- — he  must  give  his  days  and  nights,  his  business  and  his  leisure,  to  the  study  of 

En&ustrtal   Besian. 


abbreviations  AND  CONVENTIONAL  signs. 


In  order  to  simplify  the  language  or  expression  of  arithmetical  and  geometrical  operations,  the  following  conventional  signs 
are  used: — 

-ign  +  signifies  plus  or  more,  and  ^o  or  more  terms  to  indicate  addition. 

Exaui'i  i  :  4  4-  S,  is  4  plus  3,  that  is,  4  added  to  3,  or  7. 

■n  —  signifies  minus  or  lest,  and  indicates  subtraction. 

4  —  3,  is  4  minus  3,  that  is,  8  taken  from  4,  or  1. 
The  sign  X  signifies  multiplied  by,  and,  placed  between  two  terms,  indicates  multiplication. 

5  x  3,  is  5  multiplied  by  3,  or  15. 
i  quantities  are  expressed  by  letters,  the  sign  may  be  suppressed.     Thus  we  write,  indifferently— 

a  x  b,  or  ab. 
The  sign  :  or  (as  it  is  more  commonly  used)  -r,  signifies  divided  by,  and,  placed  between  two  quantities,  indicates  division. 


Ex.  j 


18 

12  :  4,  or  12  -r  4,  or  T,  is  12  divided  by  1 


The  sign  =  signifies  equals  or  equal  to,  and  is  placed  between  two  expressions  to  indicate  their  equality. 

l.\. :  0  +  2  =  8,  meaning,  that  C  plus  2  is  equal  to  8. 

The  union  of  these  signs,  :     ::     :  indicates  geometrical  proportion. 

1 ;  \ .  :  2  :  3  : :  4  :  C,  meaning,  that  2  is  to  3  as  4  is  to  G. 

The  6ign  V      indicates  the  extraction  of  a  root ;  as, 

V  9  =  3,  meaning,  that  the  square  root  of  9  is  equal  to  3. 
The  interposition  of  a  numeral  between  the  opening  of  this  sign,  V,  indicates  the  degree  of  the  root     Thus — 

#21  =  3,  expresses  that  the  cube  root  of  27  is  equal  to  3. 
The  signs  L.  and  y  indicate  ntpi  iiiv.lv,  smaller  Uian  and  greater  than. 

3  Z.  4,  =  3  smaller  than  4 ;  and,  reciprocally,  4  "7  3,  =  4  greater  than  3. 
Fig.  signifies  figure;  and  pL,  plate. 
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BOOK  OF  INDUSTRIAL  DESIGN. 


CHAPTER  I. 
LINEAR  DRAWING. 

In  Drawing,  as  applied  to  Mechanics  and  Architecture,  and  to  the 
Industrial  Arts  in  general,  it  is  necessary  to  consider  not  only  the 
mere  representation  of  objects,  but  also  the  relative  principles  of 
action  of  their  several  parts. 

The  principles  and  methods  concerned  in  that  division  of  the 
art  which  is  termed  linear  drawing,  and  which  is  the  foundation  of 
all  drawing,  whether  industrial  or  artistic,  are,  for  the  most  part, 
derived  from  elementary  geometry.  This  branch  of  drawing  has 
for  its  object  the  accurate  delineation  of  surfaces  and  the  con- 
struction of  figures,  obtainable  by  the  studied  combinations  of 
lines ;  and,  with  a  view  to  render  it  easier,  and  at  the  same  time 
more  attractive  and  intelligible  to  the  student,  the  present  work 
has  been  arranged  to  treat  successively  of  definitions,  principles, 
and  problems,  and  of  the  various  applications  of  which  these  are 


Many  treatises  on  linear  drawing  already  exist,  but  all  these, 
considered  apart  from  their  several  objects,  seem  to  fail  in  the  due 
development  of  the  subject,  and  do  not  manifest  that  general  ad- 
vancement and  increased  precision  in  details  which  are  called  for 
at  the  present  day.  It  has  therefore  been  deemed  necessary  to 
begin  with  these  rudimentary  exercises,  and  such  exemplifications 
have  been  selected  as,  with  their  varieties,  are  most  frequently 
met  with  in  practice. 

Many  of  the  methods  of  construction  will  be  necessarily  such  as 
are  already  known ;  but  they  will  be  limited  to  those  which  are 
absolutely  indispensable  to  the  due  development  of  the  principles 
and  their  applications. 


DEFINITIONS. 

OF    LINES    AND    SURFACES. 
PLATE  I. 
In  Geometry,  space  is  described  in  the  terms  of  its  three  dimen- 
sions—length, breadth  or  thickness,  and  height  or  depth. 

The  combination  of  two  of  these  dimensions  represents  surface, 
and  one  dimension  takes  the  form  of  a  line. 


Lines. — There  are  several  kinds  of  lines  used  in  drawing — 
straight  or  right  lines,  curved  lines,  and  irregular  or  broken  lines. 

Right  lines  are  vertical,  horizontal,  or  inclined.  Curved  lines  are 
circular,  elliptic,  parabolic,  &c. 

Surfaces. — Surfaces,  which  are  always  bounded  by  lines,  are 
plane,  concave,  or  convex.  A  surface  is  plane  when  a  straight-edge 
is  in  contact  in  every  point,  in  whatever  position  it  is  applied  to  it. 
If  the  surface  is  hollow  so  that  the  straight-edge  only  touches  at 
each  extremity,  it  is  called  concave ;  and  if  it  swells  out  so  that 
the  straight-edge  only  touches  in  one  point,  it  is  called  convex. 

Vertical  lines. — By  a  vertical  line  is  meant  one  in  the  position 
which  is  assumed  by  a  thread  freely  suspended  from  its  upper  ex- 
tremity, and  having  a  weight  attached  at  the  other ;  such  is  the 
line  A  B  represented  in  fig.  Ih.  This  line  is  always  straight,  and 
the  shortest  that  can  be  drawn  between  its  extreme  points. 

Plumb-line. — The  instrument  indicated  in  fig.  A  is  called  a 
plumb-line.  It  is  much  employed  in  building  and  the  erection 
of  machinery,  as  a  guide  to  the  construction  of  vertical  lines  and 
surfaces. 

Horizontal  line. — When  a  liquid  is  at  rest  in  an  open  vessel,  its 
upper  surface  forms  a  horizontal  plane,  and  all  lines  drawn  upon 
such  surface  are  called  horizontal  lines. 

Levels. — It  is  on  this  principle  that  what  are  called  fluid  levels 
are  constructed.  One  description  of  fluid  level  consists  of  two 
upright  glass  tubes,  connected  by  a  pipe  communicating  with  the 
bottom  of  each.  When  the  instrument  is  partly  filled  with  water, 
the  water  will  stand  at  the  same  height  in  both  tubes,  and  thereby 
indicate  the  true  level.  Another  form,  and  one  more  generally 
used,  denominated  a  spirit  level — spirit  being  usually  employed — 
consists  of  a  glass  tube  (fig.  115)  enclosed  in  a  metal  case,  a, 
attached  by  two  supports,  b,  to  a  plate,  c.  The  tube  is  almost 
filled  with  a  liquid,  and  the  bubble  of  air,  d,  which  remains,  is 
always  exactly  in  the  centre  of  the  tube  when  any  surface,  c  d,  on 
which  the  instrument  is  placed,  is  perfectly  level. 

Masons,  carpenters,  joiners,  and  other  mechanics,  are  in  the 
habit  of  using  the  instrument  represented  in  fig.  (g,  consisting 
simply  of  a  plumb  line  attached  to  the  point  of  junction  of  the  two 
inclined  side  pieces,  a  b,  be,  of  equal  length,  and  connected  near 
their  free  ends  by  the  cross-piece,  a  b,  which  has  a  mark  at  its 
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Triangle*.  —  The  spa,,   enclosed  by  three  inten 
called  a  triangle;  when  the  three  side-,  a-  i>i,  i  r,  and  i  d 

.1,  the  triangle  is  egwifrrtsmf;  if  ti  as  o  n, 

and  Q  I.  tiL:.  '.'.  are  ,  qua],  it  i-  il        It*  ;  and  it  isecoi 
when    the  three  sides  are   i::u  ipial.  as  in   fig.  6.      The  ti 

called  rnrtiinjafar whitti  any  two  of  iis  sides,  as  d  i  and  i  I 

form  aright  angle;  and  in  this  case  the  sid. 

subtending  the  right  angle, is  called  t!..  An  instrument 

constantly  used  in  di  i  mmoaly 

called   aii'jU  ;  it  is  in  the  shape  of  a  rectangular  triangle,  and   is 

construi  ted  .as  fig. 

having  one  I  icfa  form 

the  right  angle  at  mast  double  thi  I  ther. 

og  nt  any  auglo 

It  i-  plane  when  all  the  lilies  1  '• 

and  the  hu  and  Its  outline  i.-  called  it-  \ 

/.  hrjXa- 

the  sides  of  which,  ■ 


-      Mvt.lr  III* 

..  r,  mvouou  lur  il.- 
■  in  ol  division. 
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and  D  A,  fig.  10,  are  equal  and  perpendicular  to  one  another,  the 
angles  consequently  also  being  equal,  and  all  right  angles. 

A  rectangle  is  a  quadrilateral,  having  two  sides  equal,  as  A  B 
and  F  n,  fig.  14,  and  perpendicular  to  two  other  equal  and  parallel 
sides,  as  A  F  and  B  N. 

A  parallelogram  is  a  quadrilateral,  of  which  the  opposite  sides 
and  angles  are  equal ;  and  a  lozenge  is  a  quadrilateral  with  all  the 
sides,  but  only  the  opposite  angles  equal. 

A  trapezium  is  a  quadrilateral,  of  which  only  two  sides,  as  H I 
and  m  l,  fig.  9,  are  parallel. 

Polygons  are  regular  when  all  their  sides  and  angles  are  equal, 
and  are  otherwise  irregular.  All  regular  polygons  are  capable  of 
being  inscribed  in  a  circle,  hence  the  great  facility  with  which  they 
may  be  accurately  delineated. 

OBSERVATIONS. 

We  have  deemed  it  necessary  to  give  these  definitions,  in  order 
to  make  our  descriptions  more  readily  understood,  and  we  propose 
now  to  proceed  to  the  solution  of  those  elementary  problems  with 
which,  from  their  frequent  occurrence  in  practice,  it  is  important 
that  the  student  should  be  well  acquainted.  The  first  step,  how- 
ever, to  be  taken,  is  to  prepare  the  paper  to  be  drawn  upon,  so 
that  it  shall  be  well  stretched  on  the  board.  To  effect  this,  it 
must  be  slightly  but  equally  moistened  on  one  side  with  a  sponge ; 
the  moistened  side  is  then  applied  to  the  board,  and  the  edges  of 
the  paper  glued  or  pasted  down,  commencing  with  the  middle  of 
the  sides,  and  then  securing  the  corners.  When  the  sheet  is  dry, 
it  will  be  uniformly  stretched,  and  the  drawing  may  be  executed, 
being  first  made  in  faint  pencil  lines,  and  afterwards  redelineated 
with  ink  by  means  of  a  drawing  pen.  To  distinguish  those  lines 
which  may  be  termed  working  lines,  as  being  but  guides  to  the 
formation  of  the  actual  outlines  of  the  drawing,  we  have  in  the 
plates  represented  the  former  by  dotted  hues,  and  the  latter  by 
full  continuous  lines. 

PROBLEMS. 

1.  To  erect  a  perpendicular  on  the  centre  of  a  given  right  line,  as 
c  D,  Jig.  1. — From  the  extreme  points,  c,  d,  as  centres,  and  with  a 
radius  greater  than  half  the  line,  describe  the  arcs  which  cross  each 
other  in  a  and  b,  on  either  side  of  the  line  to  be  divided.  A  line, 
A  b,  joining  these  points,  will  be  a  perpendicular  bisecting  the  line, 
C  D,  in  G.  Proceeding  in  the  same  manner  with  each  half  of  the  line, 
c  G  and  g  d,  we  obtain  the  perpendiculars,  I  k  and  l  m,  dividing 
the  line  isto  four  equal  parts,  and  we  can  thus  divide  any  given 
right  line  into  2,  4,  8,  1G,  &c,  equal  parts.  This  problem  is  of 
constant  application  in  drawing.  For  instance,  in  order  to  obtain 
the  principal  lines,  v  x  and  Y  z,  which  divide  the  sheet  of  paper 
into  foiu-  equal  parts;  with  the  points,  r  s  t  u,  taken  as  near  the 
edge  of  the  paper  as  possible,  as  centres,  we  describe  the  arcs 
which  intersect  each  other  in  P  and  Q ;  and  with  these  last  as 
centres,  describe  also  the  arcs  which  cut  each  other  in  y,  z.  The 
right  lines,  v  X  and  Y  z,  drawn  through  the  points,  P,  Q,  and  y,  z, 
respectively,  are  perpendicular  to  each  other,  and  serve  as  guides 
in  drawing  on  different  parts  of  the  paper,  and  are  merely  pen- 
cilled in,  to  be  afterwards  effaced. 

2.  To  erect  a  perpendicular  on  any  given  point,  as  u,  in  the  line  c  d, 


Jig.  1. — Mark  off  on  the  line,  on  each  side  of  the  point,  two  equal 
distances,  as  c  h  and  h  g,  and  with  the  centres  c  and  G  describe 
the  arcs  crossing  at  I  or  k,  and  the  line  drawn  through  them,  and 
through  the  point  H,  will  be  the  line  required. 

3.  To  let  fall  a  perpendicular  from  a  point,  as  L,  apart  from 
the  right  line,  c  d. — With  the  point  l,  as  a  centre,  describe  an 
arc  which  cuts  the  line,  c  d,  in  G  and  d,  and  with  these  points  as 
centres,  describe  two  other  arcs  cutting  each  other  in  M,  and  the 
right  line  joining  l  and  m  will  be  the  perpendicular  required.  In 
practice,  such  perpendiculars  are  generally  drawn  by  means  of  an 
angle  and  a  square,  or  T-square,  such  as  fig.  IF". 

4.  To  draw  parallels  to  any  given  lines,  as  v  x  and,  Y  z. — For 
regularity's  sake,  it  is  well  to  construct  a  rectangle,  such  as  rstu, 
on  the  paper  that  is  being  drawn  upon,  which  is  thus  done : — From 
the  points  V  and  x,  describe  the  arcs  R,  S,  t,  U,  and  applying  the 
rule  tangentially  to  the  two  first,  draw  the  line  rs,  and  then  in  the 
same  manner  the  line  t  u.  The  lines  rt  and  su  are  also  obtained 
in  a  similar  manner.  In  general,  however,  such  parallels  are  more 
quickly  drawn  by  means  of  the  T-square,  which  may  be  slid  along 
the  edge  of  the  board.  Short  parallel  lines  may  be  drawn  with 
the  angle  and  rule. 

5.  To  divide  a  given  rigid  line,  as  A  B,  Jig.  3,  into  several  equal 
piarts. — AVe  have  already  shown  how  a  line  may  be  divided  into  2 
or  4  equal  parts.  We  shall  now  give  a  simple  method  for  dividing 
a  line  into  any  number  of  equal  parts.  From  the  point  A,  draw 
the  line  AC,  making  any  convenient  angle  with  AB;  mark  off  on  AC 
as  many  equal  distances  as  it  is  wished  to  divide  the  line  AB  into; 
in  the  present  instance  seven.  Join  cb,  and  from  the  several 
points  marked  off  on  A  c,  draw  parallels  to  C  B,  using  the  rule  and 
angle  for  this  purpose.  The  line  A  b  will  be  divided  into  seven 
equal  parts  by  the  intersections  of  the  parallel  lines  just  drawn. 
Any  line  making  any  angle  with  AB,  asA  J,  may  be  employed  in- 
stead of  A  c,  with  exactly  the  same  results.  This  is  a  very  useful 
problem,  especially  applicable  to  the  formation  of  scales  for  the 
reduction  of  drawings. 

6.  A  scale  is  a  straight  line  divided  and  subdivided  into  feet, 
inches,  and  parts  of  inches,  according  to  English  measures;  or  into 
metres,  decimetres,  centimetres,  and  millimetres,  according  to 
French  measures ;  these  divisions  bearing  the  same  proportion  to 
each  other,  as  in  the  system  of  measurement  from  which  they  are 
derived.  The  object  of  the  scale  is  to  indicate  the  proportion  the 
drawing  bears  to  the  object  represented. 

7.  To  construct  a  scale. — The  French  scale  being  the  one 
adopted  in  this  work,  it  will  be  necessary  to  state  that  the  metre 
(=  39-371  English  inches)  is  the  unit  of  measurement,  and  is 
divided  into  10  decimetres,  100  centimetres,  and  1000  millimetres. 
If  it  is  intended  to  execute  the  drawing  to  a  scale  of  J  or  j- ;  the 
metre  is  divided  by  4  or  5,  one  of  the  divisions  being  the  length  of  a 
metre  on  the  reduced  scale.  A  line  of  this  length  is  drawn  on  the 
paper,  and  is  divided  into  reduced  decimetres,  &c,  just  as  the 
metre  is  itself.  Fig.  7  is  part  of  a  scale  for  reducing  a  drawing  to 
one-fifth.  In  this  scale  an  extra  division  is  placed  to  the  left  of 
zero,  which  is  subdivided,  to  facilitate  the  obtainment  of  any  re- 
quired measure.  For  example,  if  we  want  a  length  corresponding 
to  32  centimetres,  we  place  one  point  of  the  compasses  on  the 
division  marked  3  to  the  right  of  zero,  and  the  other  on  the  second 
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to  the  left,  and  the  length  comprised  betw. 

ire*. 
The  iluiijonal  scab.     Whan  m  -ry  minute  measurement*  are  re- 
ii  U  obtained  with  a  diagonal  scale,  mch  as 
fig.  8.      It  U  thus  tlllllllnilllni  :  -  Having  drawn  a  line  nil 
It,  a*  in  fig.  7,  draw,  parallel  and  equal  to  it,  ten  uther  lines,  an 
r.d.r.j  wit"  peroen- 

dicular*  at  tli.  "  one  of  the  smaller 

l  ,  0,..  Lit  ol  ssjm,  draw  the  diagonal,  b  i,  and  draw 
parallel*  to  it  from  th.  tilUOtrs  dtviail 

Krum  Um  divi-ion  corrcspon 

i.  .4.  out  by  tha  zero  pacpan- 
dicular,  and  draw  also  i  I— 8,  2—3,  M 

It  will  bo  evident,  that  as  in  I  horizontal  lines. 

the  diagonal  BXtaodi  one  division  tO  ill.   1.  ft,  it  will  inter- 

a.itc  line,  as  the  1-t.  U,  Bd,  *C,  :><  tlie  di-t ancc   I 

tin  of  such  division,  in  the  same  direct  ion,  so  that  the 
diagonal  Una,  ".!,  will  CUl  the  Ml  line  at  n  point  •.','•„  of  a  division 
distant  from  /.'To.     '1  Bg  placed 

en  the  point  /,  and   the  other  on   the  intersection  of  the  same 
horizontal  line  with  the  perpendicular  of  the  deoa 
the  mea-  B  than  will  be  3  decimetres,  2  cen- 

timetre*, and  A,  or  5  millimetres  —  325  millino'  I 

8.  To  dirndl  «  gi<-<  n  angle,  at  WOO,        I  '  aaglm. 

—  With  the  apei.e,  as  a  centre,  describe  the  arc,  It  I,  and  with  the 
two  point-  of  intersection,  II,  I,  as  centres,  describe  the  arcs  cutting 
each  other  in  J  ;  join  J  C,  and  the  right  line.  J  <  ,  will  divide  the 

.  i>.  int..  two  equal  angle-,  n  c  i  and  i  0  i.  These  may 
be  subdivided  in  tha  same  manner,  as  shown  in  the  figure.  An 
anglo  may  also  be  divided  by  means  of  either  of  the  protractors, 
E>,  X. 

BJH  ii  rirrlr,  O  II  I)  11,   fig.  4. — If  it  is 

raqubi  .1  to  draw  the  tangent  through  a  given  point,  aa  D,  in  the 
circle,  a  radius,  C  D,  must  be  drawn  meeting  the  point,  and  be  pro- 
duced beyond  it,  say  to  K.  Tlien,  by  the  method  already  given, 
draw  a  line,   F  «!,  perpendicular  to  0  B,   cutting   it    in    D,    and   it 

will  be  the  tangent  reqnta  1      If.  however,  it  is  required  to  draw 

tho  tangent  through  B  given  point,  as  A,  outside  the  circle,  a 
straight  line  must  be  drawn  joining  the  point.  \.  and  the  centre,  r, 
of  the  circle.      Al':.  r    bisO  ting   this    line  in  the  point,  0,  with  tliis 

point  as  a  centre,  daeeribe  a  circle  pairing  through  a  and  0,  and 
tha  given  circle  in  b  and  n  ;  right  linei  Joining  a  B  and 

A  II  will  both  be  tangent-  to  tlie  given  circle,  and  the  radii  C  B  and 
C  It  will  be  perpendiculars  to  A  n  and  a  ii  respectively. 

10.  7  •.''■•  a  I  i'r.7.-,  ..r  that  irilh  nhi' 

are,  aim  a,  <;   '■>.  f   draw*     With  any  throe  points,  B,  f,  a, 

as  centres,  describe  arcs  of  equal  circle*,  cutting  each  other,  and 
through  hmw   light    lin.-.  I  0  and  I   0; 

..,  the  point  of  mtai  action  of  thaaa  two  Unas,  ia  the  required 

11.  To  ifansiTu  a  afrafa  through  any  three  paint*  not  in  a  rigid  Vat. 

rela  can  j>ass  through  tho  same  three  points, 

and  since  any  circle  may  bl  ''  is  found 

and  a  point  in  the  cir.-iin.f.  r.  nee  given — this  problem  is  solved  in 
exactly  the  same  manner  a-  the  pn 

I]     To  iiarri)*  a  rirrlr  in  a  girrn  trinnglr,  as  A  n  0,  jig.  C. — 


■  i«  said  to  be  inscribed  in  a  figure,  when  all  the  sides  of  the 

latter  are  tangent*  to  it.      Bisect  any  two  of  tho  angles  1 
line*,  as  A  o,  n  o,  or  C  o  ;  and  i 

Call  perpendiculars  to  the  side*,  a*  o  E,  u  r,  and  o  u.     Tlicse  per- 
pendiculars will  be  equal,  and  radii  of  0  being 
trc. 

1  t     /'.  iliritls  a  triangle,  as  O  K  I,  fig.  9,  into  tiro  equal  farts. — If 
the  parts  are  not  required  to  be  simil.r  '  i.  ,  as  o  I,  in  the 

point,  0,  with  which,  a*  a  centre,  describe  tho  (emicircle,  Q  K  l,  of 
which  Q  I  is  the  diamett  r.      This  semicircle  will  be  cut  in  t  I 
K.bvth.  :.  k  •.;  mark  off  on  o  I  a  distance,  (.  : 

to  o  K,  and  draw  the  line,  I.  v.  parallel  to  ll  I.     The  triangh 
nil,  ii  l  l.  M.  will  be  equal  ft)  each  oth.  r.  | 
.  qua]  to  h  it  the  triangla,  a  B  i.     If  the  given  trim 
it  would  al-u  be  divid.  A  into  two  equal  parts  by  tha  line,  l  h. 

1 1.    /'.  dra  oaaaa  square,  a  n  c  n. 

Jig. 10. — After producingfrom  dill,  rent  corner-any  two  aides  which 
are  at  right  angles  to  each  other,  as  D  a  and  D  c,  to  ii  and  i..  with  the 
centre.  i>,  and  radius,  D  n,  describe  tho  Juni'fUlt  or  quarter  of  a 
circle.  I  B  l  .  and  through  the  point-  of  intersection,  I  and  1'..  with  the 

i  and  pi.;  draw  parall.  1- 1..  i.  i  and  p  A  respectively,  01 
tangent*  to  the  quadrant,  t  li  I ;  the  square,  r  0  I  I',  will  be  d.ul.le 
the  area  of  tho  given  square.  A  li  0  D  ;  and  in  the  same  manner  a 
square,  ii  K  I.  n,  may  be  drawn  double  the  area  of  the  square, 
F  o  B  ii.  It  is  evident  that  the  diagonal  of  one  square  ia  equal  to 
one  side  of  a  square  twice  the  size. 

15.    To  (feennTVl  "  rircle  half  the  size  e/ a  giren  rirrlr,  as  A  c  n  D, 
fig.   11. — Draw    two  diameters,   A  n  and   0  D,  at    right   :ni_-l.  -   BO 

each  other ;  Join  an  extremity  of  each,  as  a,  i'.  by  tha  chord.  \  . . 

Biaed  this   cliord  by  the  perpendicular,  B  r.      The  radius  of  the 

required  circle  will  he  equal  to  B  a.     It  follows  that  tha  annular 

space  shaded  in  the  figure  i-  equal  to  the  smaller  circle  within  it. 

lg.  To  timriTm  ia  swm  eanaiai   as  in  jig.  IS,  aw  aj 

tmda  regular  hexagon. — Draw  any  dianu  for,  c;  r,  and  with 

O,  as  a  centre,  describe  the  arc,  DOE,  its  radius  being  equal  to  that 
of  the  given  circle  ;  join  !■  r.  I  f.  and  I  D,  and  D  B  r  will  be  the 
triangle  required.  The  side  of  a  regular  hexagon  ia  equal  to  tha 
radius  of  the  circuni-i Tilling  circle,  and.  thl  r.  fore,  in  ord(  r  to  in- 
scribe it  in  a  circle,  all  that  is  necessary  is  to  mark  off  on  the  cir- 
cumferen.  .■  the  length  of  the  radiu-.  and.  joining  the  point 

t enaction,  a-  km.h  ■  >,  tha  resulting  figure  will  be  tha  I 
required.    To  inaariba  figures  of  ISorSf  aides,  ii  is  merely  na- 

ccssary  to  divide  or  sul«li\i.le  the  arcs  mhtandad  by  the  sides 
obtained  sa  shovo,  and  to  Join  tha  points  of  intersection.      It  is 

frequently  necessary  to  draw  very  minute  hexagon-,  such   . 
nut-  and  boll  bl  id-.      Thi-  i<  done  more  qui.  klv  by  means  of  the 
60",  H  .  which  is  placed  against  a  rule,  R,  or  the  square, 
in  ditl'erent  positions,  a-  iudi.  it.   1  u. 

IT.    To  foatlllNJ  ii  SOWarS  ia  a  girrn  rirrlr.  mACB  D,    / 
Draw  two  diaiii  n.  perpendicular  to  one  another,  and 

join  the  point-  of  intersection  with  :  I  At  n  1)  will  be 

the  square  r.  quired. 

18.    Tothtrriltr  a  regular OOtOfiOt 

r<u/iW,  as  ok,  fig.  13. — Having,  as  in  the  last  case,  drawn  two 
diameters,  a*  F.  F,  (ill,  draw  other  two.  IJ,  K  I.,  bisecting  the 
angles  formod  by  the  former;  through  the  eight  points  of  intSTBOO- 
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tion  with  the  circle  draw  the  tangents,  e,k,o,  j,  f,  l,  h,  i — these  tan- 
gents will  cut  each  other  and  form  the  regular  octagon  required. 
This  figure  may  also  be  drawn  by  means  of  the  square,  and  angle 
of  45°,  ©. 

19.  To  construct  a  regular  octagon  of  which  one  side  is  given,  as  A  b, 
Jig.  14. — Draw  the  perpendicular,  o  d,  bisecting  A  B ;  draw  A  F 
parallel  to  o  d,  produce  A  b  to  c,  and  bisect  the  angle,  C  A  f,  by  the 
line,  E  A,  making  E  A  equal  to  A  B.  Draw  the  line,  O  G,  perpendi- 
cular to,  and  bisecting  E  A.  0  G  will  cut  the  vertical,  o  d,  in  o, 
which  will  be  the  centre  of  the  circle  circumscribing  the  required 
octagon.  This  may,  therefore,  at  once  be  drawn  by  simply  mark- 
ing off  arcs,  as  E  h,  h  f,  &c,  equal  to  A  B,  and  joining  the  points, 
E,  H,  f,  &c.  By  dividing  and  subdividing  the  arcs  thus  obtained 
we  can  draw  regular  figures  of  16  or  32  sides.  The  octagon  is  a 
figure  of  frequent  application,  as  for  drawing  bosses,  bearing 
brasses,  &c. 

2'\  To  construct  a  regular  pentagon  in  a  given  circle,  asABCDF, 
also  a  decagon  in  a  given  circle,  as  e  r  m,  Jig.  15.,—  The  pentagon  is 
thus  obtained ;  draw  the  diameters,  A  I,  E  J,  perpendicular  to  each 
other  ;  bisecting  o  e  in  k,  with  K  as  a  centre,  and  K  A  as  radius,  de- 
scribe the  arc,  a  l  ;  the  chord,  A  L,  will  be  equal  to  a  side  of  the  pen- 
tagon, which  may  accordingly  be  drawn  by  making  the  chords  which 
form  its  sides,  as  A  e,  f  d,  d  c,  C  b,  and  B  A,  equal  to  A  L.  By 
bisecting  these  arcs,  the  sides  of  a  decagon  may  be  at  once  ob- 
tained. A  decagon  may  also  be  constructed  thus : — Draw  two 
radii  perpendicular  to  each  other,  as  o  M  and  o  R ;  next,  the  tan- 
gents, n  m  and  N  R.  Describe  a  circle  having  N  M  for  its  dia- 
meter ;  join  r,  and  P  the  centre  of  this  circle,  the  line,  R  p,  cutting 
the  circle  in  a ;  R  a  is  the  length  of  a  side  of  the  decagon,  and  ap- 
plying it  to  the  circle,  as  r&,  &c,  the  required  figure  will  be  ob- 
tained. The  distance,  R  a  or  r  c,  is  a  mean  proportional  between 
an  entire  radius,  as  R  n,  and  the  difference,  c  n,  between  it  and  the 
radius.  A  mean  proportional  between  two  lines  is  one  having  such 
relation  to  them  that  the  square,  of  which  it  is  the  one  side,  is 
equal  to  the  rectangle,  of  which  the  other  two  are  the  dimensions. 

21.  To  construct  a  rectangle  of  which  the  sides  shall  be  mean  pro- 
portionals between  a  given  line,  as  AC, Jig.  16,  and  one  a  third  or  two- 
thirds  of  it. — a  c,  the  given  line,  will  be  the  diagonal  of  the  required 
rectangle ;  with  it  as  a  diameter  describe  the  circle,  A  b  c  d.  Divide 
A  c  into  three  equal  parts  in  the  points,  m,  n,  and  from  these  points 
draw  the  perpendiculars,  m  d  and  n  b  ;  the  lines  which  join  the 
points  of  intersection  of  these  lines  with  the  circle,  as  A  b,  a  d, 
c  b,  c  d,  will  form  the  required  rectangle,  the  side  of  which,  c  D,  is  a 
mean  proportional  between  c  m  and  c  A,  or — 
Cm:CD::CD:CA; 
that  is  to  say,  the  square  of  which  c  D  is  a  side,  is  equal  to  a  rec- 
tangle of  which  c  a  is  the  length,  and  c  m  the  height,  because 

CDxCD  =  CmXCA* 
In  like  manner,  A  d  is  a  mean  proportional  between  C  A  and  m  a. 
This  problem  often  occurs  in  practice,  in  measuring  timber.  Thus 
the  rectangle  inscribed  in  the  circle,  fig.  16,  which  may  be  con- 
sidered as  representing  the  section  of  a  tree,  is  the  form  of  the 
beam  of  the  greatest  strength  which  can  be  obtained  from  the 
tree. 

*  See  the  notes  and  rules  given  at  the  end  of  this  chapter. 


APPLICATIONS. 

designs  for  inlaid  pavements,  ceilings,  and  balconies. 
PLATE  II. 

The  problems  just  considered  are  capable  of  a  great  variety  of 
applications,  and  in  Plate  II.  will  be  found  a  collection  of  some  of 
those  more  frequently  met  with  in  mechanical  and  architectural 
constructions  and  erections.  In  order,  however,  that  the  student 
may  perfectly  understand  the  different  operations,  we  would  re- 
commend him  to  draw  the  various  designs  on  a  much  larger 
scale  than  that  we  have  adopted,  and  to  which  we  are  necessarily 
limited  by  space.  The  figures  distinguished  by  numbers,  and 
showing  the  method  of  forming  the  outlines,  are  drawn  to  a 
larger  scale  than  the  figures  distinguished  by  letters,  and  repre- 
senting the  complete  designs. 

22.  To  draw  a  pavement  consisting  of  equal  squares,  Jigs.  Ihand 
1. — Taking  the  length,  a  b,  equal  to  half  the  diagonal  of  the 
required  squares,  mark  it  off  a  number  of  times  on  a  horizontal 
line,  as  from  A  to  b,  b  to  C,  &c.  At  A  erect  the  perpendicular 
i  h,  and  draw  parallels  to  it,  as  D  e,  g  f,  &c,  through  the  several 
points  of  division.  On  the  perpendicular,  I  H,  mark  off  a  number 
of  distances  equal  to  A  b,  and  draw  parallels  to  a  b,  through  the 
points  of  division,  as  h  g,  I  f,  &c.  A  series  of  small  squares  will 
thus  be  formed,  and  the  larger  ones  are  obtained  simply  by  draw- 
ing the  diagonals  to  these,  as  shown. 

23.  To  draw  a  pavement  composed  of  squares  and  interlaced  rec- 
tangles, Jigs.  H5  and  2. — Let  the  side,  as  c  d,  of  the  square  be 
given,  and  describe  the  circle,  lmqb,  the  radius  of  which  is  equal 
to  half  the  given  side.  With  the  same  centre,  o,  describe  also 
the  larger  circle,  K  np  I,  the  radius  of  which  is  equal  to  half  the 
side  of  the  square,  plus  the  breadth  of  the  rectangle  ab. 
Draw  the  diameters,  A  c,  E  d,  perpendicular  to  each  other ;  draw 
tangents  through  the  points,  A,  D,  C,  E,  forming  the  square,  J  H  F  G  ; 
draw  the  diagonals  J  f,  g  h,  cutting  the  two  circles  in  the  points, 
I,  b,  k,  L,  M,  N,  p,  q,  through  which  draw  parallels  to  the  dia- 
gonals. It  will  be  perceived  that  the  lines,  a  e,  e  c,  c  d,  and  d  a, 
are  exactly  in  the  centre  of  the  rectangles,  and  consequently  serve 
to  verify  their  correctness.  The  operation  just  described  is  re- 
peated, as  far  as  it  is  wished  to  extend  the  pattern  or  design, 
many  of  the  lines  being  obtained  by  simply  prolonging  those 
already  drawn.  In  inking  this  in,  the  student  must  be  very  careful 
not  to  cross  the  lines.  This  design,  though  analogous  to  the 
first,  is  somewhat  different  in  appearance,  and  is  applicable  to  the 
construction  of  trellis-work,  and  other  devices. 

24.  To  dratv  a  Grecian  border  or  frieze,  Jigs.  ©  and  3.— On  two 
straight  lines,  as  ab,a  C,  perpendicular  to  each  other,  mark  off, 
as  often  as  necessary,  a  distance,  a  i,  representing  the  width,  ef, 
of  the  ribbon  forming  the  pattern.  Through  all  the  points  of 
division,  draw  parallels  to  A  B,  A  C— thus  forming  a  series  of  small 
squares,  guided  by  which  the  pattern  may  be  at  once  inked  in, 
equal  distances  being  maintained  between  the  sets  of  lines,  as  in 
fig.  <g.  This  ornament  is  frequently  met  with  in  architecture, 
being  used  for  ceilings,  cornices,  railings,  and  balconies  ;  also,  in 
cabinet  work  and  machinery  for  borders,  and  for  wood  and  iron 
gratings. 

25.  To  draw  a  pavement  composed  of  squares  and  regular  octa- 
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gons,  figt.  3  ami 4. — With  s  rsdiu«,  eh,  equal  to  I. .ill'  the  width, 

E  r,  of  the  octagon,  describe  a  circK',  i:  Q  I  n.  and,  as  was  shown 

■     fig    13.  Piatt  I.,  draw  the  OOtftgQU  circumscribing 

\  ■     .    I.  and    i:»   diagonals, 

t,  drawn  cutti-  ',  k.  I.,  tangents 

■  n  drawn  through  these  points.     Tlic  octagon  may  also 

•  1  by  marking  off  from  each  -  juarc,  A,  n,  C,  D, 
a  distance  <■•iu.il  to  AO,  or  half  its  diagonal — and  thereby  will  be 

;■  lint!  of  junction  of  t' 
pattern  ttmg  the  above  operation,  the 

squarv  -  I  of  four  contiguous   octagons, 

which  are  inclined  at  an  a  >  the  horizontal  line.'. 

This  pattern  is  generally  produced  in  black  and   white  marble, 
or  in  stone*  of  different  colours,  whereby  the  effect  is  distinctly 

■  out 

1'ilar  hexagon-. 

With  a  radius,  a  o,  equal  to  a  side,  a  b,  of  the  hexagon, 

I  circle,  in  which  inscribe  the  regular  hexagon,  A  n  '  D]  r. 

hexagons  will  readily  lie  obtained  by  producing,  in 

sides  and  diagonals  of  this  one.     In  fig.  IE, 

the  hexagons    are  plain  and    shaded    alternately,  to  show  their 

arrangement ;  but  in  practice  they  are  generally  all  of  one  colour. 

87.   /  t,  combined  in 

Drawl  ■  D;  also  its  diagonals, 

a  * ,  BO;  oonitrnct  the  smaller  square,  abed,  concentric  with  the 

lir-t.     On  tlu-  diagonal,  n  d,  mark  the  equal  fliirtannnn.  oe,  of,  and 

through  •  and/draw  paralleli  to  the  diagonal,  \  i  :  join  the  points 

f  these  with  the  smaller  square)  by  the   lines,  kl, 

iii  ii,  which  wiO  give  all  the  lines  required  to  form  the  pattern, 

;  merely  to  be  produced  and  repeated  to  the  desired  cx- 

■  ry  beautiful  combinations  may  thus  be  formed  in  differ- 
ent kiiids  of  wood  for  furniture  and  panels. 

28.  Todnaoi  ''./*.  ©n/uf  7. — 

On  a  straight  line,  ap,  mark  off  the  length  of  a  tide  of  thi 
twice;  i  ;  iil.iter.il  triangle,  a  nc ;  draw  the  line,  CD, 

perpendicular  to  ah;  and  draw  a  Band  Br  parallel  to  dc,  and 
1       tract  the  equilateral  triangle,  E  nr,  cut- 
.  t  bc,  bo  and  B,  and  join  a  h.     In  this  manner 
aro  obtaiiK'd  the  losengea,  a  <;  n  d  and  i:  a  n  o,  and  by  oontinuing 
the  lines  and  drawing  parallels  a!  regnlar  i  the  re- 

mainder of  the  pattern  will  be  readily  constructed— this  being 

•  I  any  desire  1 

mill  1  —  - — 1  f  in  the  last-in. intioned  fig   g,  we  draw  the  longitudinal 
diagonal  of  each  lozenge,  we  shall  obtain  the  type  of  the  |.<tl.  rn 

■oppose  thai  ;: 
given,  Instead  of  the  side  of  the  losenge.     Mark  off  ii. 

ind< itnict  the  equilateral  triangle,  s.  i  d, 

just  as  in  the  preceding  ca-  :  also  the  second  similar  triangle, 

dbf,  thui  obtaining  the  points  o  and  ii.     Join  a  ii,  ..  n,  r  h.  and 

don,  a*  1. 1..  4c,  will  be  the 

three  ..i"  the  isosceles  triangles.     The  pattern,  L  i»  pro- 

varioUl  lints. 
The  patterns  we  have  so  far  given  are  a  few  of  the  common 

An  .  n. lie. s  variety  of 
patterns  may  be  produced  by  combining  these  different  figures, 


•  ■  are  of  great  use  in  many  arts,  particularly  for  cabinet 
inlaid  mosaic  work,  as  well  ss  for  pavements  and  other  orna- 
mental constructions. 

3".    7o  sVw*  <"i  "jim-tcarl:  casting,  consisting  of  loscnget  and 
roteUet,jigi.  >]  and 8. — The  lozenge,  aid.  1 .. 
<i,  '•.  r.  </.  being  each  the  centre  of  a  rosette,  draw  and  in  i 

the  diagonals, a c,bd,  which  must  al  licular 

to  each  </,  draw  pAr 

these  diagonals,  also  an  indefinite  numlier  of  such  parallels 
distances  apart.     The  intersections  of  I 
ires  of  rosettes  and  lozenges   alternately,  and   the  fom 
lv  be    drawn  .rely  of  circles  wit 

radii.      The  centres  .  I 

and  to  right  an  the  given  distances,  fg ,  fk, 

parallels  to  them  are  drawn,  thereby  producing   - 
lozenges  coin]  ■•m. 

31.  7".  -'d  of  timdl  tquarei  or 

'.'. — The 
rectangle,  Am  i>,  being  given,  its  corners  forming  the  <■ 
four  of  the  small  lozenges,  draw  the  lines,  IF,  0  n.  dil 

into  four  equal  parts;  next  mark  off  the 
of  the  lozenges,  as  a  i,  a  o,  and  join  l  and  o.     The  centre  lines  of 
the  pattern   being  tlm-  obtained,  the  half-breadths,  fg,  fk,  are 
marked  on  each  aide  of  these,  and  the  appropriate  par.ill.  Is  t,.  then 
drawn.     In  extending  the  patten  by  repetition,  tl 
spending  to  i  and  o  will  be  readily  obtained  by  drawing  a  series  of 
parallel  lines,  as  1 1  and  on.    liy  varying  th 
the  losengea  an  1  the  octagons,  as ah    I 

ns  of  each,  a  number  of  patterns  may  be  produced  of  very 
vari.d  appearance,  although  I  ants. 

32.  To  draw  .i  at  m  lxilii-<tr,iil-  of  an  open-work  pott 
posed  of  circular  ami  ttraigbt  ribbon*  interlaced,  figi.  J  a 
Construct  the  rectangle,  .\r<  D,  its  corners  being  the  centres  of 
some  of  the  required  circles,  wlii>  h  may  accordingly  be  drawn,  with 

given  radii.  11  SO,  <'</;   after  bisecting  A  ii  in  1..  and  drawing  the 
vertical   B  0,  make  I"  1'  equal  to  E  A,  and  with    I  ai  a  i .  hire,  draw 
the  circle  having  the  radius,  tg,  equal  to  SO,  dl 
equal  can 

to  each  of  the  circles,  which  will  complete  the  lini 
the  pari  of  the  pattern.  J,  to  the  left.    Tl  ■ 
arc  formed  by  concentric  rirclee  of  given  radii,  asi  •.  i/.     The 
duplex,  fig.  .'.  n  I  the  pattern  on  the 

balustrade.    W  .re  run 

..i"  ein  1.  s,  the  student  mn  I 

join   w.  II,   as  the  DM11  Ij  of  the   drawin  ;   dej  D   this 

point.      It  is  better  to  ink  in  th<'  circl.  I  first.  SI  il 
Basil  r  t..  draw  a  straight  line  up  to  a  circle  than  to  dl 

suit  a  straight  line. 

draw  a  pattern  for  an 

of  regular  figure*  Two  squares 

being  given,  as  a  B  C  i>  and  w  •.  b  i,  oono  ntric,  but  with  the  <lia- 

.   .tall.  1   t..  t)..  th.  r.  draw  : 

square,  a  be  <l.  and  ni  \t  the  Inner  and  oonoi  ntric  one.  tfgk,  Tlie 
sides  of  the  latter  l.eing  cut  by  the  diagonals,  ■  C  ami  n  p.  iii  the 
points,  i.j.k-,1,  through  these  draw  parallel*  I  of  tho 

square,  Alien,  and  finally,  with  the  centre,  o,  describe  a  small 
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circle,  the  diameter  of  which  is  equal  to  the  width  of  the  indented 
crosses,  the  sides  of  these  being  drawn  tangent  to  this  circle. 
Thus  are  obtained  all  the  lines  necessary  to  delineate  this  pattern ; 
the  relievo  and  intaglio  portions  are  contrasted  by  the  latter  being 
shaded. 

In  the  foregoing  problems,  we  have  shown  a  few  of  the  many 
varieties  of  patterns  producible  by  the  combination  of  simple  re- 
gular figures,  lines,  and  circles.  There  is  no  limit  to  the  multipli- 
cation of  these  designs ;  the  processes  of  construction,  however, 
being  analogous  to  those  just  treated  of,  the  student  will  be  able 
to  produce  them  with  every  facility. 


SWEEPS,  SECTIONS,  AND  MOULDINGS. 
PLATE  III. 

34.  To  draw  in  a  square  a  series  of  arcs,  relieved  by  semicircular 
mouldings,  figs.  A  audi. — Let  a  b  be  a  side  of  the  square  ;  draw 
the  diagonals  cutting  each  other  in  the  point,  C,  through  which 
draw  parallels,  D  e,  C  f,  to  the  sides ;  with  the  corners  of  the 
square  as  centres,  and  with  a  given  radius,  A  G,  describe  the  four 
quadrants,  and  with  the  points,  D,  F,  E,  describe  the  small  semicircles 
of  the  given  radius,  D  a,  which  must  be  less  than  the  distance,  D  b. 
This  completes  the  figure,  the  symmetry  of  which  may  be  verified 
by  drawing  circles  of  the  radii.  C  G,  C  II,  which  should  touch,  the 
former  the  larger  quadrants,  and  the  latter  the  smaller  semi- 
circles. If,  instead  of  the  smaller  semicircles,  larger  ones  had 
been  drawn  with  the  radius,  d6,  the  outline  would  have  formed  a 
perfect  sweep,  being  free  from  angles.  This  figure  is  often  met 
with  in  machinery,  for  instance,  as  representing  the  section  of  a 
beam,  connecting-rod,  or  frame  standard. 

35.  To  draw  an  arc  tangent  to  two  straight  lines. — First,  let  the 
radius,  a b,  fig.  2,  be  given;  with  the  centre,  A,  being  the  point 
of  intersection  of  the  two  lines,  a  B,  AC,  and  a  radius  equal 
to  a  b,  describe  arcs  cutting  these  lines,  and  through  the  points  of 
intersection  draw  parallels  to  them,  bo,  CO,  cutting  each  other  in 
O,  which  will  be  the  centre  of  the  required  arc.  Draw  perpen- 
diculars from  it  to  the  straight  lines,  ab,  AC,  meeting  them  in 
r>  and  E,  which  will  be  the  points  of  contact  of  the  required  arc. 
Secondly,  if  a  point  of  contact  be  given,  as  B,  fig.  3,  the  lines 
being  ab,  a c,  making  any  angle  with  each  other,  bisect  the 
angle  by  the  straight  line,  a  D  ;  draw  b  o  perpendicular  to  a  b,  from 
the  point,  b,  and  the  point,  o,  of  its  intersection  with  a  d,  will  be 
the  centre  of  the  required  arc.  If,  as  in  figs.  2  and  3,  we  draw 
arcs,  of  radii  somewhat  less  than  O  B,  we  shall  form  conges,  which 
stand  out  from,  instead  of  being  tangents  to,  the  given  straight 
lines.  This  problem  meets  with  an  application  in  drawing  fig.  [§, 
which  represents  a  section  of  various  descriptions  of  castings. 

36.  To  draw  a  circle  tangent  to  three  given  straight  lines,  which 
make  any  angles  with  each  other,  Jig.  4. —  Bisect  the  angle  of  the 
lines,  A  B  and  A  C,  by  the  straight  line,  A  E,  and  the  angle  formed 
by  c  D  and  c  A,  by  the  line,  c  f.  a  e  and  c  f  will  cut  each  other 
in  the  point,  O,  which  is  at  an  equal  distance  from  each  side,  and 
is  consequently  the  centre  of  the  requiied  circle,  which  may  be 
drawn  with  a  radius,  equal  to  a  line  from  the  point,  o,  perpendi- 
cular to  any  of  the  sides.  This  problem  is  necessary  for  the  com- 
pletion of  fig.  US. 


37.  To  draw  the  section  of  a  stair  rail,  jig-  (g. — This  gives  rise 
to  the  problems  considered  in  figs.  5  and  6.  First,  let  it  be  re- 
quired to  draw  an  arc  tangent  to  a  given  arc,  as  A  B,  and  to  the 
given  straight  line,  C  D,  fig.  6 — D  being  the  point  of  contact  with 
the  latter.  Through  d  draw  E  F  perpendicular  to  C  D  ;  make  F  D 
equal  to  O  B,  the  radius  of  the  given  arc,  and  join  O  F,  through 
the  centre  of  which  draw  the  perpendicular,  G  e,  and  the  point,  E,  of 
its  intersection  with  e  f,  will  be  the  centre  of  the  required  arc, 
and  E  D  the  radius.  Further,  join  o  E,  and  the  point  of  intersec- 
tion, B,  with  the  arc,  A  B,  will  be  the  point  of  junction  of  the  two 
arcs.  Secondly,  let  it  be  required  to  draw  an  arc  tangential  to  a 
given  arc,  as  a  b,  and  to  two  straight  lines,  as  B  c,  C  D,  fig.  5. 
Bisect  the  angle,  b  c  d,  by  the  straight  line,  c  e  ;  with  the  centre,  c, 
and  the  radius,  c  ii,  equal  to  that  of  the  given  arc,  o  a,  describe 
the  arc,  o  g  ;  parallel  to  b  c  draw  I  n  J,  cutting  e  c  in  J.  Join  o  J, 
the  line,  o  J,  cutting  the  arc,  n  G,  in  g  ;  join  c  g,  and  draw  o  k  pa- 
rallel to  C  G ;  the  point,  K,  of  its  intersection  with  E  j,  will  be 
the  centre  of  the  required  arc,  and  a  line,  K  L  or  K  M,  perpendicu- 
lar to  either  of  the  given  straight  lines  will  be  the  radius. 

38.  To  draw  the  section  of  an  acorn,  fig .  ®. — This  figure  calls 
for  the  solution  of  the  two  problems  considered  in  figs.  9  and  10. 
First,  it  is  required  to  draw  an  arc,  passing  through  a  given  point, 
a,  fig.  9,  in  a  line,  a  b,  in  which  also  is  to  be  the  centre  of  the 
arc,  this  arc  at  the  same  time  being  a  tangent  to  the  given  arc,  c. 
Make  A  D  equal  to  O  C,  the  radius  of  the  given  arc ;  join  o  D,  and 
draw  the  perpendicular,  F  B,  bisecting  it.  B,  the  point  of  inter- 
section of  the  latter  line,  with  a  b,  is  the  centre  of  the  required  arc, 
A  E  C,  a  b  being  the  radius.  Secondly,  it  is  required  to  draw  an  arc 
passing  through  a  given  point,  a,  fig.  10,  tangential  to  a  given  arc, 
BCD,  and  having  a  radius  equal  to  a.  With  the  centre,  0,  of  the 
given  arc,  and  with  a  radius,  O  E,  equal  to  O  C,  plus  the  given  radius, 
a,  draw  the  arc  E;  and  with  the  given  point,  A,  as  a  centre,  and 
with  a  radius  equal  to  a,  describe  an  arc  cutting  the  former  in  E 
— e  will  be  the  centre  of  the  required  arc,  and  its  point  of  contact 
with  the  given  arc  will  be  in  C,  on  the  line,  0  E.  It  will  be  seen 
that  in  fig.  ID,  these  problems  arise  in  drawing  either  side  of  the 
object.  The  two  sides  are  precisely  the  same,  but  reversed,  and 
the  outline  of  each  is  equidistant  from  the  centre  line,  which  should 
always  be  pencilled  in  when  drawing  similar  figures,  it  being  diffi- 
cult to  make  them  symmetrical  without  such  a  guide.  This  is  an 
ornament  frequently  met  with  in  machinery,  and  in  articles  of  va- 
rious materials  and  uses. 

39.  To  draw  a  wave  curve,  formed  by  arcs,  equal  and  tangent  to 
each  other,  and  passing  through  given  points,  a,  B,  their  radius  being 
equal  to  half  the  distance,  A  B,  Jigs.  [I  and  7. — Join  A  B,  and  draw 
the  perpendicular,  ef,  bisecting  it  in  c  With  the  centres,  A  and 
c,  and  radius,  A  C,  describe  arcs  cutting  each  other  in  G,  and  witli 
the  centres,  B  and  C,  other  two  cutting  each  other  in  n  ;  G  and  n 
will  be  the  centres  of  the  required  arcs,  forming  the  curve  or 
sweep,  a  c  b.  This  curve  is  very  common  in  architecture,  and  is 
styled  the  cyma  recta. 

40.  To  draw  a  similar  curve  to  the  preceding,  but  formed  by 
arcs  of  a  given  radius,  as  a  i,  Jigs.  (F  and  11. — Divide  the  straight 
line  into  four  equal  parts  by  the  perpendiculars,  ef,  g h,  and 
c  d  ;  then,  with  the  centre,  a,  and  given  radius,  a  i,  which  must 
always   be  greater  than   the  quarter   of   A  b,  describe  the  are 
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(iiliing  CD  in  C;  also  with  the  centra,   n,  a  similar  arc  cutting 

i.  li  in  ll ;   0  and  11  will  ••  arcs  forming  the  re 

urve.      Wh»!  ■'•  h  ""I 

too  small,  the  centres  of  the  arcs  will  always  bo  in  the  linca,  C  D 

It  will  be  seen  tliat  the  arc",  0  I  *>"!  »  l-,  cut  the  Straight 

line*,  CD  ami  i.  li.  in   two  points  respectively.      If  we  take  the 

t,  we  shall  form  a  similar  oarra  to  thl 

but,  hut  with  the  concavity  anil  convexity  tran-p. -,■.!,  and  called 

lir.-t  at  a, 
ami   the  second  at  l>. 

-  window  frame — it  is  one  well  known  to  carpenters  ami 
masons. 

The  little  instrument  known  as  the   "  Cymametcr,"  affords  a 
nt  means  of  obtaining  rough  measurements  of  contours 
i'f  various  classes,  as  mouldings  and  baa  roHafa.      It  is  simply  a 
light  adjustable  frame,  ai  ting  as  a  species  of  holding  socket  for  a 
mas*  of  parallel  slips  of  wood  or  metal — a  bundle  of  straight 
r  example.     Previous  to  applying  this  for  taking  an  im- 
of  measurement,   the   whole  aggregation   of   pieces   is 
dressed  up  on  a  flat  surface,  so  that  their  ends  form  a  perfect 
plane,  III  I  the   bristle!  in  a  square  cut  bru.-h  ;  and 

:  •  pieces  are  held  in  close  parallel  contact,  with  just 
enough   of  stilT  friction  to  keep   them    from  slipping  and  foiling 
away.     The  ends  of  the  pieces  arc  then  applied  well  up  to  the 
moulding  or  surface  whose  cavities  and  projections  are  to  be  mca- 
■  I    the  frame  is  thl  n  mewed  up  to  retain  the  slips  in  the 
position   thus  assumed.      The  surface  thus  moulds   its   sectional 
i    nt  our  upon  the  needle  ends,  as  if  the  surface  made  up  of  these 
ends  was  of  a  plastic  material,  and  a  perfect  impression  is  there- 
ad  away  on  the  instrument.     The  nicety  of  delineation  is 
obviously  bounded  by  the  relative  fineness  of  the  measuring  ends. 
■1 1 .  '/'o  draw  <i  bahuttr  of  a  duplex  contour,  fyt.  ©  and  8. — It  is 
here  necessary  to  draw  an  arctangent  to,  or  tweepinginto  two  known 
area,  a  tand  i  D,  and  having  its  centre  in  a  given  horizontal,  ei*. 
Exti  nd  ■  I  to  ii.  making  i  h  equal  to  a  d,  the  radios  of  the  arc.  i  d. 
Join  (.  ii,  bisecting  a  b  by  ■  perpendicular ;  this  will  cut  e  It  in  the 
which  i-  the  centre  of  the  required  arc  -.  .  being  its 

radius.      A  line  joining  I  Q   I  ut-  C  D  in  I  .  the  point  of  contact  of 

the  two  arcs.     The  arc.  d  r,  which  is  required  to  1"  atr 

i>.  and  to  pan  through  the  point,  r,  is  drawn  with  the  centre,  0, 

the  chord,  nr.  by  a  perpendicular  which  cuts 
tie-  radius  of  the  are.  OD.  This  surra  ha-,  in  Sg,  -.to  be  repeated 
both  on  each  side  of  the  vertical  line,  n  n,  and  of  the  horizontal 

42.  7b  dross  ft  i    i  /;./.•  mitHiir,  a* Jig.  y. 

We  bavC  lore  t0  draw  ail  arc  passing   through  tWO    points,  a,  B, 

bra  being  in  a  straight  line,  BC  :  this  arc.  moreoTor, 
requiring  to  join  at  i>,  and  form  a  sweep  with  another,  Di 

I  iraOel  to  b  o.     Joining  n  a,aperp<  odicular 
il  cm  bi   in  o,  which  will  be  the  centre  of  the 

first   arc.  and   that   of  the    SeOO&d    may   DOW   be    obtained,    U  in 

probli  in  B7|  • 

i.a  curve, 
I    I  SePtio,       It    may    be    drawn    hy  \arioiis    methods.       The 

following  are  two  of  the  staples!    aooording  to  the  Bret,  the 

curvo  may  be  formed  by  arc-  m  fa  Othl  r.  and  tan- 


gents at  *  and  I 

A  and  C  draw  the  perpendiculars,  c  0  and  A  i:,  and  divide  t' 

into   three  equal   part*.      With   one   di\isioti,    t  A,  as  a   radius, 

describe  the  first  arc,  A  a  n  ;  make  0  l  equal  to  r  a.  Join  I 

i   by  the  perpendicular,  OK,  which  cuts  <  0  in  O.    O  will 
t'  the  other  arc  required.      The  line.  0  II,  passing 
•r.  -.  ii  and  r,  will  cut  the  arcs  in  the  point  of  junc- 
tion, II.      It  i-  in  thi-  manner  that  the  mrve  in  fig  H  ia  obtained. 
I  by  two  arcs  n 

into  each  other  and  passing  through  tin    grran  points.  1  I 
tin  ir  centres,    I  in   the  same  horizontal   tin 

parallel   to  two  straight   tinea,   l   l    and    BI  -h  the 

:i\.n  pints.     'I'lir  ujli  A,  draw  the  perpendicular,  A  I.    1. 
of  inti  r.-e,  ti,,ii  with  i  ii.  i-  t!ie  centre  of  one  arc,  A  p.     Next  draw 

I,  bd,  the  per] li.  which,  will  out  CD  fat  O, 

the  centre  of  the  other  arc,  the  radius  being  ODoro  n.    Thi-  curve 
is  more  particularly  met  with  in  the  construction  of  bases  of  the 
'     rinthian.an.il  ll  rs  of  architecture. 

With  a  view  to  accustom  the  Stud  tton  his  designs 

to  the  rules  adopted  in  practice  in  the  more  obvious  app! 

.-..  and  on  the 
corresponding  outlines,  the  meaaurt  n  irioos  parte,  in 

millimetres,     It  must,  however,  ai  the  amna  time  bound 
that  the  \arioiis  probl 

other  lis  I.  the  number  Of  applications  of  which  the 

forms  considered  are  susceptible,  will  give  rise  to  a  considerable 
variety  of  these. 


ELEMENTART  GOTHIC  FORMS  AND  BOSET1 

I  I.A  I  I      IV. 

44.  Having  ioIvi  l  the  foregoing  problems,  the  student  may 

now  attempt  tli.  ■    mOTB   complex  objOOta.       Ilen.id 

not.  li  ...  n  r.  ai  ;-  '  anticipate  much  difficulty,  merely  giving  his 

chief  attention  to  the  a  I  iuatioii  of  the  principal  lines. 

which  serve  ai  guides  to  the  minor  details  of  the  dm 

It  is  in  Gothic  architecture  that  we  meet  with  the  more  numer- 
ous application.-  of  outline-  formi  d  by  smoothly  joint  d  cdrcli  I  and 

thii  order  in  1 
Pig.  6  represents  the   upper  portion  of  a  window,  composed  of  a 
I  arcs,  combined  so  as  to  form  what  are  denominated  rut/lid 

arches.      The  width   or  spin,    v  r..    being  riven,  and  the   I 

joining  a  c  i  i..  draw  the  bisecting  perpendiculars,  cutting  \  B  in 
These  utter  are  the  oentrea  oi  the  sundrj  oonoentrie 

arcs,  which,  severally  Cutting  each  Othl  r  on  the  vertical,  i  I  .  form 
tin  arch  of  the  window.  The  small  interior  cuspids  are  drawn 
in  the  same  manner,   as   indicated   in  the  figure  ;    thl    h< 

i.  b,  being  given,  also  the  span  Interior  arches 

are  sometimes  surmounted  hy  the  ornament,  M.  termed  an  nil-dt- 
' -  -i-t iiiLT  simply  of  concentric  circle-. 

45.  Fig,  l  repreaenl  •  irmed  by  concentric  circles, 
the  outer  interstices  containb  mailer  circles,  forming 
an  interlaced  fillet  or  ribbon,     The  radius,  10,  otthecb 

taming  the  centres  of  all  the  small  circle-,  i-  luppoaed  to  be  given. 

Divide  it  Into  a  given  number  of  equal  parts,     with  the  point-  of 

division.  1,  '.'.  ..  •        .  ntial  to 
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each  other,  forming  the  fillet,  making  the  radii  of  the  alternate 
ones  in  any  proportion  to  each  other.  Then,  with  the  centre,  O, 
describe  concentric  circles,  tangential  to  the  larger  of  the  fillet 
circles  of  the  radius,  A  b.  The  central  ornament  is  formed  by 
arcs  of  circles,  tangential  to  the  radii,  drawn  to  the  centres  of  the 
fillet  circles,  their  convexities  being  towards  the  centre,  o;  and  the 
arcs,  joining  the^extremities  of  the  radii,  are  drawn  with  the  actual 
centres  of  the  fillet  circles. 

46.  Fig.  6  represents  a  quadrant  of  a  Gothic  rosette,  distin- 
guished as  radiating.  It  is  formed  by  a  series  of  cuspid  arches 
and  radiating  mullions.  In  the  figure  are  indicated  the  centre 
lines  of  the  several  arches  and  mullions,  and  in  fig.  6d,  the  capi- 
tal, connecting  the  mullion  to  the  arch,  is  represented  drawn  to 
double  the  scale.  With  the  given  radii,  A  B,  A  c,  A  d,  a  e,  de- 
scribe the  different  quadrants,  and  divide  each  into  eight  equal 
parts,  thus  obtaining  the  centres  for  the  trefoil  and  quatrefoil 
ornaments  in  and  between  the  different  arches.  We  have  drawn 
these  ornaments  to  a  larger  scale,  in  figs.  6a,  6b,  and  6C,  in  which 
are  indicated  the  several  operations  required. 

47.  Fig.  4  also  represents  a  rosette,  composed  of  cuspid  arches 
and  trefoil  and  quatrefoil  ornaments,  but  disposed  in  a  different 
manner.  The  operations  are  so  similar  to  those  just  considered, 
that  it  is  unnecessary  to  enter  into  further  details. 

48.  Fig.  7  represents  a  cast-iron  grating,  ornamented  with 
Gothic  devices.  Fig.  7a  is  a  portion  of  the  details  on  a  larger 
scale,  from  which  it  will  be  seen  that  the  entire  pattern  is  made 
up  simply  of  arcs,  straight  lines,  and  sweeps  formed  of  these  two, 
the  problems  arising  comprehending  the  division  of  lines  and 
angles,  and  the  obtainment  of  the  various  centres. 

49.  Figs.  2  and  3  are  sections  of  tail-pieces,  such  as  are  sus- 
pended, as  it  were,  from  the  centres  of  Gothic  vaults.  They  also 
represent  sections  of  certain  Gothic  columns,  met  with  in  the  archi- 
tecture of  the  twelfth  and  thirteenth  centuries.  In  order  to  draw 
them,  it  is  merely  necessary  to  determine  the  radii  and  centres  of 
the  various  arcs  composing  them. 

Several  of  the  figures  in  Plate  IV.  are  partially  shaded,  to  in- 
dicate the  degree  of  relief  of  the  various  portions.  We  have  in 
this  plate  endeavoured  to  collect  a  few  of  the  minor  difficulties, 
our  object  being  to  familiarize  the  student  to  the  use  of  his  instru- 
ments, especially  the  compasses.  These  exercises  will,  at  the 
same  time,  qualify  him  for  the  representation  of  a  vast  number  of 
forms  met  with  in  machinery  and  architecture. 


OVALS,  ELLIPSES,  PARABOLAS,  VOLUTES,  &c. 
PLATE  V. 
50.  The  ove  is  an  ornament  of  the  shape  of  an  egg,  and  is 
formed  of  arcs  of  circles.  It  is  frequently  employed  in  architecture, 
and  is  thus  drawn : — The  axes,  a  b  and  CD,  fig.  1,  being  given,  per- 
pendicular to  each  other;  with  the  point  of  intersection,  o,  as  a 
centre,  first  describe  the  circle,  cade,  half  of  which  forms  the 
upper  portion  of  the  ove.  Joining  B  C,  make  C  F  equal  to  B  E, 
the  difference  between  the  radii,  o  c,  o  b.  Bisect  F  b  bv  the  per- 
pendicular, g  H,  cutting  c  d  in  h.  n  will  be  the  centre,  and  h  c 
the  radius  of  the  arc,  c  J;  and  I,  the  point  of  intersection  of  HC 
with  a  b  will  be  the  centre,  and  I  b  the  radius  of  the  smaller  arc, 


I  b  k,  which,  together  with  the  arc,  h  k,  described  with  the  centre, 
L,  and  radius,  L  D,  equal  to  H  C,  form  the  lower  portion  of  the 
required  figure ;  the  lines,  g  h,  l  k,  which  pass  through  the 
respective  centres,  also  cut  the  arcs  in  the  points  of  junction, 
j  and  k.  This  ove  will  be  found  in  the  fragment  of  a  cornice, 
fig.  A.  A  more  accurate  and  beautiful  ove  may  be  drawn  by 
means  of  the  instrument  represented  in  elevation  and  plan  in  the 
annexed  engraving. 


The  pencil  is  at  a,  in  an  adjustable  holder,  capable  of  sliding 
along  the  connecting-rod,  b,  one  end  of  which  is  jointed  at  C,  to  a 
slider  on  the  horizonfal  bar,  D,  whilst  the  opposite  end  is  similarly 
jointed  to  the  crank  arm,  E,  revolving  on  the  fixed  centre,  F,  on 
the  bar.  By  altering  the  length  of  the  crank,  and  the  position  of 
the  pencil  on  the  connecting-rod,  the  shape  and  size  of  the  ove 
may  be  varied  as  required. 

51.  The  oval  differs  from  the  ove  in  having  the  upper  portion 
symmetrical  with  the  lower ;  and  to  draw  it,  it  is  only  necessary  to 
repeat  the  operations  gone  through  in  obtaining  the  curve,  L  b  h, 
fig.l. 

52.  The  ellipse  is  a  figure  which  possesses  the  following  pro- 
perty: — The  sum  of  the  distances  from  any  point,  a,  fig.  2,  in  the 
circumference,  to  two  constant  points,  b,  c,  in  the  longer  axis,  is 
always  equal  to  that  axis,  d  e.  The  two  points,  b,  c,  are  termed 
foci.  The  curve  forming  the  ellipse  is  symmetric  with  reference 
both  to  the  horizontal  line  or  axis,  D  e,  and  to  the  vertical  line,  F  G, 
bisecting  the  former  in  o,  the  centre  of  the  ellipse.  Lines,  as 
B  A,  c  A,  B  f,  c  f,  &c,  joining  any  point  in  the  circumference  with 
the  foci,  b  and  c,  are  called  vectors,  and  any  pair  proceeding  from 
one  point  are  together  equal  to  the  longer  axis,  d  e,  which  is  called 
the  transverse,  f  g  being  the  conjugate  axis.  There  are  different 
methods  of  drawing  this  curve,  which  we  will  proceed  to  in- 
dicate. 

53.  First  Method. — This  is  based  on  the  definition  given  above, 
and  requires  that  the  two  axes  be  given,  as  d  e  and  f  g,  fig.  2. 
The  foci,  b  and  c,  are  first  obtained  by  describing  an  arc,  with  the 
extremity,  G  or  F,  of  the  conjugate  axis  as  a  centre,  and  with  a 
radius,  F  c,  equal  to  half  the  transverse  axis  ;  the  arc  will  cut  the 
latter  in  the  points,  Band  c,  the  foci.  If  now  we  divide  de 
unequally  in  H,  and  with  the  radii,  d  H,  e  h,  and  the  foci  as  centres, 
we  describe  arcs  severally  cutting  each  other  in  I,  j,  k,  a  ;  these 
four  points  will  lie  in  the  circumference.  If,  further,  we  again 
unequally  divide  D  e,  say  in  l,  we  can  similarly  obtain  four  other 
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rl umferenee,  anil  we  can,  in  like  manner,  obtain  any 
i.uml"  ■  may  If  traced   thn 

by  ban  J      Tli'  I  which  are  sometimes required  in  con- 

illy  drawn  with  a  inpatses, 

the   Ira-  rule    with    a  : 

gardener'i  tllijue :  To  ;  1  ice  a  rod  in  each  of  the  foci 

of  the  i  '■■  which, 

..111  form  the  rector* :  and  t!  ■ 
drawn  by  carrying  the  tracer  round,  k. 
alwa*. 

-Take  a  strip  of  paper,  liaving  one  edge 
■!i.  a  '•.  i  qn  >l  to  halfthe 
id  tn  half  the  conju- 
gate ai.  •   it  the  point,  ".  ot"  the 

i  a,  end  the  other  point, 

<-,  on  tl  li  tl»'  strip  be  now  canted  to 

rotate,  al  |  the  two  point*,  a  and  c,  on  the  reept  Btive 

I   point,  b,  will,  in  every  position,  indicate  a  point 

in  the   circumference  which  may  be  marked  with  a  pencil,  the 

thai  obtained. 

■',-.  :t.     It  ii  demonstrated,  in  thai  branch  of 

I    which  treat!  of  solids,  as  we  shall  see  later  on,  that 

if  a  cone,  or  cylinder,  be  cut  by  a  plane  inclined  to  its  axis,  the 

It  is  on  this  property  that 

i:-    transverse  and  conjugate  axee 

.    \  r.  and  i  d,  catting  each  other  in  the  centre,  o, 

draw  any  line,  a  v..  equal  in  length  to  the  conjugate  aii-.  i   D, 

I  K,  as  a  diani  the  semicircle,  B  G  A.     Join 

l.  u,  and  through  any  i  ken  at  random,  on  F.  a, 

■i  l.  •_'.  S,  dec,  draw  paralleli  to  i  b.     Then,  al  each  point  of 

e  a,  erect  perpeodicnl  cutting 

;  icirela,  and,  at  the  corresponding  divisions  obtained  on 

ind  make  them 

the  oorree] ling  perpendiculan  on  i:  a.     A  li:  i 

i   ints  thus  obtained,  that  is,  the  extremities, 
i  fthe  lines,  «ill  form  the  required  ellipse. 

On  the  I       verse  axis,  l  b,  and  with  the 

.  i  b,  the  axis  forming  it ^  dia- 

•  the  diam  ter,  n  t.  equal  to  the  i 

the  smaller  semicircle,  bdi.     Draw  radii,  cntting  the 

in  the  points,  i,j.l-.l,  Ac,  ami  the 

•mailer  in  the  points,  i',j',l  It  I     tot  neci     ury  that 

ihould  be  »t  aqauuo  •  apart,  thongfa  they 

i  the  plats  for  i  .   Through  the  latter 

to  the  I  -.  A  ii.  nod  through  the 

CD,  tin  points  "I"  int. 

iv  ill  be  so  many  points  in  the  required 
which  may,  accordingly,  be  traced  through  them.  It 
from  this,  that,  in  order  to  draw  an  ellipse,  it  is  sufficient 

i,  and  s  point,  r,  in  the  circumfi  n  nee,  which 

most  always  lb  within  per] liculan  pw'nfl  through  tl 

ran  aii*.    'I ;  r  draw  al  i  iralM  to 

a  ii,  and  a  line,  rj.  perpendicular  to  it ;  with  the  centre,  o,  and 
radius,  0  A,  e<|ual  half  tin  given  tl  the  are,  Cutting 

rj  in/;  join  jo,  and  the  Una,  j  o,  will  cut  rj'  in  j' :  oy"' will  be 


equal  to  halfthe  conjugate  axis,  C  D.      If  the  conjugate  axis,  C  D, 
I  .    '■       it);  the  arc,  however,  in  this  case,  having 
the  smaller   radius,  on,   and  cutting   rj'   in;';    I 

_•  the  line  till  it  cuts  rj,  which  will  be  in  j,  and  OJ  will 
equal  half  the  transverse  axis,  A  n.  It  lias  already  been  shown 
how  to  describe  an  ell  .  two  axes  are  . 

.  ihotl  time  back  by  Mr. 

Crane  of  Birmingham,  for  constructing  an  ellipse  with  tl 
passes.     This  method  applies  to  all  proportions,  and  pro  . 
near  an  approximation  to  a  true  ellipse,  as  it  is  possible  to  obtain 
by  means  of  four  arcs  of  tan 

By  a]  i  1\  ing  compasses  to  any  true  ellipse,  it  will  lie  n 
Certain  parts  of  the  curve  appn. uli  very  near  to  ares  of 
and  that  these  parts  arc  about  I  it-  two  axes;  and  by 

m  of  an  ellipse,  the  curve  on  each  side  of  either  axis  is 
equal  and  similar;  oonsequently,  if  arcs  of  circles  be  drawn 
through  all  the  vertices,  meeting  one  another  in  four  points,  the 
opposite  arcs  being  equal  and  similar,  the  resulting  figure  will  be 
indefinitely  mar  in  ellipse.     Pour  ribed  from  four 

differ!  nt  points  bnl  with  only  two  different  radii,  are  then  n 

These  four  points  may  be  all  within  the  figure  ;  tl.- 

two    greater  circles  may  either  be   within  or  without,    but  the 

Of  the    two    circles    at    the   citrcm.'  JOT  axis 

must   always  In- within,  ami,  conseipn  nlly.  the   wl 
can   never   be   without  the  figure.       '  ..rtioiis  of  the 

major  and  minor  axes  may  vary  infinitely,  but  tbi  y  can  I 

Inn  fore,  any  rule  for  describing  ellipses  most  suit  all  pos- 
sible proportions,  or  it  does  not  possess  the  necessary  requfa 
Moreover,  if  any  rule  apply  to  one  certain  proportion  ami  not  to 
another,  it  is  evident  thai  the  more  the  proportions  differ  from  that 
one — win!  '  or  nJJSMsusaadb    thl  greater  will  be  the 

difference  of  the  result  from  the  true  one.     From  t lii-  it  • 

that  if  a  rule  applies  DOt  to  all,  it  can  only  apply  to  MM  propor- 
tion ;  and  also,  that  if  it  apply  to  a  certain  proportion  and  not  to 
another,  it  can  only  be  correct  in  that  one  case. 

I    ■        i.    .iv  major  axis,  and  c  D  any  minor  axis;  produce  them 

both  in  either  direction,  say  towards  F  and  H,  and  make  A  F  equal 

then  join  0  A,  and  through  F  draw  F  II  parallel  to  C  A. 


Bet  off  B  t.  a  .'.  and  i   K.  equal  to  n  r;  join  .i  k,  and  bisect  it  in  n. 
and  at  Bl  ■.  li.nlar.  Cntting  •    D,  or  I    Dpi 

tOOSl;  J    i.l.  M,  will  be  the  centres  of  tho 

Through  the  points,  j  and  i.  draw  y  v  u  1 1, 
i  r.  i  y.  each  equal  love;  then  v  N  and  t  t  will  be  the  radii  of 

i  j  s.  i  ii.  of  the  lees :  the  points  oi 
will  tin  i  •.  P,  v.  and  the  figure  drawn  through  a,  n, 

e\  0,  B,  •,'.  p.  r.  will  be  the  required  ellipse. 
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Several  instruments  have  been  invented  for  drawing  ellipses, 
many  of  them  very  ingeniously  contrived.  The  best  known  of 
these  contrivances,  are  those  of  Farey,  Wilson,  and  Hick — the 
last  of  which  we  present  in  the  annexed  engraving. .   It  is  shown 

as  in  working  order, 
■with  a  pen  for  drawing 
ellipses  in  ink.  It  con- 
sists of  arectangularbase 
plate,  A,  having  sharp 
countersunk  points  on 
its  lower  surface,  to  hold 
the  instrument  steady, 
and  cut  out  to  leave  a 
sufficient  area  of  the 
paper  uncovered  for  the 
traverse  of  the  pen. 
It  is  adjusted  in  position 
by  four  index  lines, 
setting  out  the  trans- 
verse and  conjugate 
axes  of  the  intended 
ellipse  —  these  lines 
being  cut  on  the  inner 
edges  of  the  base.  Near 
one  end  of  the  latter,  a  vertical  pillar,  B,  is  screwed  down,  for  the 
purpose  of  carrying  the  traversing  slide-arm,  C,  adjustable  at  any 
height,  by  a  milled  head,  d,  the  spindle  of  which  carries  a  pinion 
in  gear  with  a  rack  on  the  outside  of  the  pillar.  The  outer  end 
of  the  arm,  c,  terminates  in  a  ring,  with  a  universal  joint,  E, 
through  which  the  pen  or  pencil-holder,  F,  is  passed.  The  pillar, 
b,  also  carries  at  its  upper  end  a  fixed  arm,  g,  formed  as  an  ellip- 
tical guide-frame,  being  accurately  cut  out  to  an  elliptical  figure,  as 
the  nucleus  of  all  the  varieties  of  ellipse  to  be  drawn.  The  centre 
of  this  ellipse  is,  of  course,  set  directly  over  the  centre  of  the 
universal  joint,  E,  and  the  pen-holder  is  passed  through  the  guide 
and  through  the  joint,  the  flat-sided  sliding-piece,  h,  being  kept  in 
contact  with  the  guide,  in  traversing  the  pen  over  the  paper.  The 
pen  thus  turns  upon  its  joint,  E,  as  a  centre,  and  is  always  held  in 
its  proper  line  of  motion  by  the  action  of  the  slider,  H.  The  dis- 
tance between  the  guide  ellipse  and  the  universal  joint  determines 
the  size  of  the  ellipse,  which,  in  the  instrument  here  delineated, 
ranges  from  21  inches  by  Is,  to  -is  by  J  inch.  In  general,  how- 
ever, these  instruments  do  not  appear  to  be  sufficiently  simple,  or 
convenient,  to  be  used  with  advantage  in  geometrical  drawing. 

57.  Tangents  to  ellipses. — It  is  frequently  necessary  to  deter- 
mine the  position  and  inclination  of  a  straight  line  which  shall 
be  a  tangent  to  an  elliptic  curve.  Three  cases  of  this  nature 
occur :  when  a  point  in  the  ellipse  is  given ;  when  some  external 
point  is  given  apart  from  the  ellipse ;  and  when  a  straight  line 
is  given,  to  which  it  is  necessary  that  the  tangent  should  be 
parallel. 

First,  then,  let  the  point,  A,  in  the  ellipse,  fig.  2,  be  given ; 
draw  the  two  vectors,  c  A,  b  a,  and  produce  the  latter  to  II ;  bisect 
the  angle,  M  a  c,  by  the  straight  line,  N  P ;  this  line,  n  p,  will  be 
the  tangent  required ;  that  is,  it  will  touch  the  curve  in  the  point, 
A,  and  in  that  point  alone. 


Secondly,  let  the  point,  h,  be  given,  apart  from  the  ellipse,  fig. 
3.  Join  l  with  1,  the  nearest  focus  to  it,  and  with  l  as  a  centre, 
and  a  radius  equal  to  l  1,  describe  an  arc,  mi n.  Next,  with  the 
more  distant  focus,  n,  as  a  centre,  and  with  a  radius  equal  to  the 
transverse  axis,  A  b,  describe  a  second  arc,  cutting  the  first  in  M 
and  N.  Join  M  h  and  N  II,  and  the  ellipse  will  be  cut  in  the  points 
v  and  x ;  a  straight  line  drawn  through  either  of  these  points  from 
the  given  point,  l,  will  be  a  tangent  to  the  ellipse. 

58.  Thirdly,  let  the  straight  line,  Q  R,  fig.  2,  be  given,  parallel 
to  which  it  is  required  to  draw  a  tangent  to  the  ellipse.  From  the 
nearest  focus,  b,  let  fall  on  q  k  the  perpendicular,  s  b  ;  then  with 
the  further  focus,  c,  as  a  centre,  and  with  a  radius  equal  to  the 
transverse  axis,  d  e,  describe  an  arc  cutting  b  s  in  s  ;  join  c  s,  and 
the  straight  line,  c  s,  will  cut  the  ellipse  in  the  point,  t,  of  contact 
of  the  required  tangent.  All  that  is  then  necessary  is,  to  draw 
through  that  point  a  line  parallel  to  the  given  line,  QR,  the 
accuracy  of  which  may  be  verified  by  observing  whether  it  bisects 
the  line,  S  B,  which  it  should. 

59.  The  oral  of  Jive  centres,  fig.  4.— As  in  previous  cases,  the 
transverse  and  conjugate  axes  are  given,  and  we  commence  by 
obtaining  a  mean  proportional  between  their  halves ;  for  this 
purpose,  with  the  centre,  o,  and  the  semi-conjugate  axis,  o  c,  as 
radius,  we  describe  the  arc,  C  I  K,  and  then  the  semi-circle,  A  L  k,  of 
which  A  K  is  the  diameter,  and  further  prolong  O  C  to  L,  O  L  being 
the  mean  proportional  required.  Next  construct  the  parallelo- 
gram, A  G  C  O,  the  semi-axes  constituting  its  dimensions  ;  joining 
C  A,  let  fall  from  the  point,  G,  on  the  diagonal,  C  A,  the  per- 
pendicular, G  H  D — which,  being  prolonged,  cuts  the  conjugate  axis 
or  its  continuation  in  D.  Having  made  c  m  equal  to  the  mean 
proportional,  o  l,  with  the  centre,  d,  and  radius,  d  m,  describe 
an  arc,  a  M  b ;  and  having  also  made  A  N  equal  to  the  mean  pro- 
portional, o  L,  with  the  centre,  h,  and  radius,  11  n,  describe  the 
arc,  N  a,  cutting  the  former  in  a.  The  points,  11,  a,  on  one  side, 
and  h',  b,  obtained  in  a  similar  manner  on  the  other,  together 
with  the  point,  d,  will  be  the  five  centres  of  the  oval ;  and  straight 
lines,  r  n  «,  s  11'  b,  and  P  a  d,  q  b  d,  passing  through  the  respective 
centres,  will  meet  the  curve  in  the  points  of  junction  of  the  various 
component  arcs,  as  at  R,  p,  q,  s. 

This  beautiful  curve  is  adopted  in  the  construction  of  many 
kinds  of  arches,  bridges,  and  vaults  ;  an  example  of  its  use  is  given 
in  fig.  g. 

GO.  The  parabola,  fig.  5,  is  an  open  curve,  that  is,  one  which 
does  not  return  to  any  assumed  starting  point,  to  however  great 
a  length  it  may  be  extended  ;  and  which,  consequently,  can  never 
enclose  a  space.  It  is  so  constituted,  that  any  point  in  it,  D,  is  at 
an  equal  distance  from  a  constant  point,  C,  termed  the  focus,  and 
in  a  perpendicular  direction,  from  a  straight  line,  A  B,  called  the 
directrix.  The  straight  line,  F  G,  perpendicular  to  the  directrix, 
A  B,  and  passing  through  the  focus,  c,  is  the  a.eis  of  the  curve, 
which  it  divides  into  two  symmetrical  portions.  The  point,  A, 
midway  between  F  and  c,  is  the  apex  of  the  curve.  There  are 
several  methods  of  drawing  this  curve. 

61.  First  method : — This  is  based  on  the  definition  just  given, 
and  requires  that  the  foeus  and  directrix  be  known,  as  c,  and  a  b. 
Take  any  points  on  the  directrix,  a  b,  as  a,  e,  h,  i,  and  through 
them  draw  parallels  to  the  axis,  F  G,  as  also  the  straight  lines, 


1- 
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■  «ith  the  focui.     I)r»w  | 
dicuUn  ,!>c'n  u,lt''  ,,u'}' 

cut  the 

»hich  may  bo  traced  I 

• 

:    ■    straight    line*  which  were  just  drawn,  cutting   the 
parallels  in  different  puint>  of  I 

If,  then,  it    I  draw  a  tangent 

lined  simply  by  joii. 
|  a]  to  c  t\  ami   bisecting  tho  angle,  ii  c  0,  by  the 
'  which  will  be  the  required  hMgffllt      Ii'  tin-  point 
.ij.^rt  from  the  curve,  tho   procedure  will   be  tho  same, 
but  the  I  Dng  to  H  <"  will  not  bo  parallel  to  tho  axis. 

We    l,;ive   lure  given  the  axis,  m;,  the 
I  ':■  111  the  point,  /.  let   fall 
on  the  ..  olicul.ir.  /  ii,  and   prolong  ttkil  to  .,  making 

o  t  equal  to/...  Iiivile  Id  into  any  number  ..f  equal  parts,  as 
in  the  point*,  i,  j,  I;  through  which  draw  par. 11. K  to  the  axis; 
divide  il  ■.  into  the  same  number  of  equal  \ 

....  i  j  through  tin  -c  draw  lines  radiating  from  the 
del  tie  v  will  interned  the  parallels  in  the  points,  m,n,o, 
which  are  so  many  point*  in  the  curve. 

C4.  If  it  is  required  to  draw  a  line  tangent  to  a  given  parabola, 
.  |  D  line,  J  K.  we  h  t    fall  a  perpenilieiilar,  0 L, 
on  this  last;  thil  perpendicular  will  cut  the  directrix  in  />.  ami  //  n 
drawn  parallel  to  tho  axis  will  cut  the  curve  in  the  point  of  con- 
tact, n. 

We  find  frequent  applications  of  this  curve  in  constructions  and 
o  a. -fount  of  the  peculiar  propi  rties  it  ] 

which  the  Mil. lent  will  find  .li     U".  d  a*  lie  proceeds. 

:.  tented  in  Age.  'J.  I)',  are  an  example  of 
the  application  of  this  curve.      They  are  call.  1  /'..- 
and   are   employed   in   philosophical   rescare'e IB.      The   angles  of 
''.  are   equal   to  the 

i  of  the  parallel  [|  foUowi  from  this  pro- 

perty, that  if  in  the   focoa,  0,  of  one  mirror,  h /,  the   flam*  of  I 

lamp,  or  .  ly  be  placed,  and  in  the  Fo 

the  opposite  mirror.  i      tinder,  the  latter 

will  be  i  b  the  two   fociinaybe.it  a  considerable  dis- 

tance  apart  ;   for   all  the  rav  -  of   OSloric  Calling  00  the  mirror,  bft 

•..1  fr.nn  it  in  paralli  1  lint  .  ooU    b  I  In 

i  mirror,  b'/\  and  concentrated  at  it-  focus,  <f. 

'  rtioaJ,  a  o,  being 

given,  anl  be  from  the  summit  to  the  centre  of  the 

Ivide  it  into  nine  equal  pert*,  aiel  with  the  centre.  0,  and 
a  rmdiul    equal  to  one  of  these  parts,  describe  the  circle,  abed 
whi.  h  (oral  whit  is  termed  the  .  if.    of  the  volute.       In  this  circle 
oted  on  a  larger  scale  in  tig.  7)  inscribe  a  square,  its  dia- 
gonals being  vertical  and  horisontal;  through  the  centre,  ,.,  .haw 

ind  l    -.  parallel  to  the  etdee,  and  divide  the  half 

part  \\  ith   the  point.  1,  as   |  centre. 

and  the  radius,  I  i    fig  6  .  draw  the  arc,  ac,  extending  to  the 

•  -  through  the  point,  2.     With  this 

latter  point  as  a  centre,  and  a  radius  equal  to  2<%  draw  the  in  u 

vertical  line,  2/,  which  passe-  through  the 

point,  3,  the  mil  centre.      The  points,  ■!,  f,,  i],  a.-,-.,  form  tlio  sub- 


-  .  the  arcs  in  all  case*  joining  each  other  on  a  line 
passing  through  their  respective  centres.  l!.i  ii.tirna! 
drawn  in  the  same  way;  the  points,  1.2,3.  Ac.  Ig,  f***,  being 
trie  of  tho  component  arcs.  The  tint  arc  is  drawn  with  a 
radius,  1  a',  a  ninth  less  than  1  A,  and  the  others  are  consequently 
proportionately  reduced,  as  manifest  iu  tig.  C.  The  appiil 
the  volute  will  bo  found  in  fig 

67.   To  draw  a  nirxv  tangniliallg  joining  t\ro  ttmight  tins*,  A  n 
and  nc, Jig.  B,  ('.-  poned  a  a 

AC,  and  bisecting  AC  in  D, join  l>  with  B,  the  point  of  in: 
of  the  lines,  a  n,  n  0>     I'i  'it  B  l>  in  ■*,  which  will  be  a  point  in  the 

.loin   1. 1,  l:  A,  and   bias    I    thl    lim  -.  i:  '  .  i:  A,  b\  I 
pendieulara,  a  b,  c <I :  make  tf  and  t'f  equal  to  a  fourth  part  of 
E  D  ;  /and/"  will  be  other  tWO  pointl  in  the  curve        l'i 
the  same  way  to  obtain  the  point*,  0  h  and  ;/  /. ,  or  more  if  dl  -ir- 
able,  and  then  trace  the  curve  through  these  M  v.  r  al  points.      This 
method  is  generally  adopted  by  angnMON  and  aud  will 

be  met  with  in  railways,  bridges,  and  eiiibaiik.ui.nt-.  and  * 

-sary  to  connect  two  straight  lim-  by  ai  regular  and  per- 
fect a  curve  as  possible.  It  is  also  particularly  applicable  where 
the  scale  is  large. 


RULES  AND  PRACTICAL  DATA. 

LINES    ASI>    BUB] 

08.  The  square  new*  is  the  unit  of  surface  measurement,  just 
as  the  linear  in.  Ire  is  that  of  length.  The  square  metre  is  sub- 
divided into  the  ■fNOr  the  fijiinrc  a atsM '•:■• .  and  the 
BSWOn  tniUini'tri-.  Whilst  the  linear  .1.  .inn'  Ire  is  a  tenth  part  of 
the  metre,  the  square  decimetre  is  the  hundredth  part  of  the  square 
metre.  In  fact,  since  the  square  is  the  product  of  a  number  mul- 
tiplied into  it.-.  It. 

01  m.  x  0  -1  m.  =  001  squaro  n. 
In  the  same   manner  the  square  i.  ntituetre  is  the  t.  n-thousandth 
part  of  the  square  metre  ;  for 

i M il  m.  X  001  m.  =  00001  sqn 
And    the   square   millimetre    is   the   millionth  (.art   of  tho  square 
in.  tre  j   for, 

o-ooi  m.  x i  m  ,  tare  metre*. 

It   is   in  this  way  that   a  relation  is  at  once  dcti 
the  units  of  linear  and  surface  IIIIHHIIHIIIII  i.t. 

Similarly  in  English  measures,  a  square  foot  is  the  ninth  part  of 
a  square  yard  ;  for 

1  foot  x  1  foot  =  J  yard  x  3  yard  =  J  square  yard. 
A  square  inch  is  the  1-1  Ith  part  of  a  square  foot,  and  the  1296th 
part ;  for 

1  inch  X  1  inch  =  j^  foot  X  iS  foot  =  ,  }t  square  foot, 
and 

1  huh  x  1  inch  B  .,'„  yard  X  j,\,  yard  =  ,  ;,'„,i  square  yard. 

This  illustration  places  the  simplicity  and  adaptability  of  the 
d.  .  nnal  sy-t.  in  of  m.-asur.  -.  in  ItrOBg  .  'iilrast  with  the  complicity 
Of  other  methods. 

69.  Ml  r\  mart  of  turfiir, m.  The  surface  or  area  of  a  square, 
as  well  as  of  all  rectangles  and  parall  rpre*B*d  by  the 

product  of  tho  base  or  length,  and  height  or  breadth  measured 
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perpendicularly  from  the  base.  Thus  the  area  of  a  rectangle,  the 
base  of  which  measures  1-25  metres,  and  the  height  -75,  is  equal  to 
1-25  X  -75  =  -9375  square  metres. 
The  area  of  a  rectangle  being  known,  and  one  of  its  dimensions, 
the  other  may  be  obtained  by  dividing  the  area  by  the  given 
dimension. 

Example.— The  area  of  a  rectangle  being  -9375  sq.  m.,  and  the 
base  1-25  m.,  the  height  is 

•9375       „ 

r25='75m- 

This  operation  is  constantly  needed  in  actual  construction;  as,  for 
instance,  when  it  is  necessary  to  make  a  rectangular  aperture  of  a 
certain  area,  one  of  the  dimensions  being  predetermined. 

The  area  of  a  trapezium  is  equal  to  the  product  of  half  the  sum 
of  the  parallel  sides  into  the  perpendicular  breadth. 

Example. — The  parallel  sides  of  a  trapezium  being  respectively 
1-3  m.,  and  1-5  in.,  and  the  breadth  '8  m.,  the  area  will  be 

*±+l*x-8  =  112  sq.m. 

The  area  of  a  triangle  is  obtained  by  multiplying  the  base  by 
half  the  perpendicular  height. 

Example. — The  base  of  a  triangle  being  2-3  m.,  and  the  perpen- 
dicular height  1-15  m.,  the  area  will  be 

115 
23X-r-  =  1-3225  sq. m. 

The  area  of  a  triangle  being  known,  and  one  of  the  dimensions 
given — that  is,  the  base  or  the  perpendicular  height — the  other  di- 
mension can  be  ascertained  by  dividing  double  the  area  by  the  given 
dimension.  Thus,  in  the  above  example,  the  division  of  (1-3225 
sq.m.  x  2)  bythe  height  1-15  m.  gives  for  quotient  the  base2-3m., 
and  its  division  by  the  base  2'3  m.  gives  the  height  1-15  m. 

70.  It  is  demonstrated  in  geometry,  that  the  square  of  the 
hypothenuse,  or  longest  side  of  a  right-angled  triangle,  is  equal  to 


the  sum  of  the  squares  of  the  two  sides  forming  the  right  angle. 
It  follows  from  this  property,  that  if  any  two  of  the  sides  of  a 
right-angled  triangle  be  given,  the  third  may  be  at  once  ascertained. 

First,  If  the  sides  forming  the  right  angle  be  given,  the  hypo- 
thenuse is  determined  by  adding  together  their  squares,  and 
extracting  the  square  root. 

Example. — The  side,  A  e,  of  the  triangle,  a  b  C,  fig.  16,  PI.  I., 
being  3  m.,  the  side  b  c,  4  m.,  the  hypothenuse,  a  c,  will  be 

ac=  vF+T2  =  V9+  16  =  V25  =  5m. 

Secondly,  If  the  hypothenuse,  as  A  c,  be  known,  and  one  of 
the  other  sides,  as  A  b,  the  third  side,  b  c,  will  be  equal  to  the 
square  root  of  the  difference  between  the  squares  of  A  c  and  A  B. 

Thus  assuming  the  above  measures — 


bc  =  V25  — 9  =  Vl6  =  4m. 

The  diagonal  of  a  square  is  always  equal  to  one  of  the  sides  mul- 
tiplied by  V  2;  therefore,  as  V  2  =  1-414  nearly,  the  diagonal  is 
obtained  by  multiplying  a  side  by  1-414. 

Example. — The  side  of  a  square  being  6  metres,  its  diagonal 
=  6  X  1-414  =  8-484m. 
The  sum  of  the  squares  of  the  four  sides  of  a  parallelogram  are 
equal  to  the  sum  of  the  squares  of  its  diagonals. 

71.  Regular  polygons. — The  area  of  a  regular  polygon  is 
obtained  by  multiplying  its  perimeter  by  half  the  apothegm  or  per- 
pendicular, let  fall  from  the  centre  to  one  of  the  sides. 

A  regular  polygon  of  5  sides,  one  of  which  is  9-8  m.,  and  the 
perpendicular  distance  from  the  centre  to  one  of  the  sides  5-6  m., 
will  have  for  area — 

9-8X5X5!6: 
2 

The  area  of  an  irregular  polygon  will  be  obtained  by  dividing  it 

into  triangles,  rectangles,  or  trapeziums,  and  then  adding  together 

the  areas  of  the  various  component  figures. 


137-2  sq.m. 


TABLE  OF  MULTIPLIERS  FOR  REGULAR  POLYGONS  OF  FROM  3  TO  12  SIDES. 


Triangle, 

Square, 

Pentagon, ... 

Hexagon, 

Heptagon,... 

Octagon, 

Enneagon, .. 

Decagon, 

Undecagon,.. 
Duodecagon, 


2000 
1-414 
1-238 
1156 
1-111 
1-080 
1-062 
1-050 
1-040 
1037 


B 


1-730 
1-412 
1-174 

radius. 
•867 

■765 
•681 
•616 
•561 
■516 


•579 
•705 
•852 
side. 
1-1C0 
1-307 
1-470 
1-625 
1-777 
1-940 


•433 

1-000 
1-720 
2-598 
3-634 
4-828 
6-182 
7-694 
9-365 
11-196 


Internal  Angle. 


60°  0' 

90°  0' 
108°  0' 
120°  0' 
128°  34'f 
135°  0' 
140°  0' 
144°  0' 
147°  16'T4T 
150°  0' 


Apothegm 
Perpendicular. 


•2886751 

■5000000 

•6881910 

•8660254 

10382607 

1-2071069 

1-3737387 

1-5388418 

1-7028436 

1-8660254 


By  means  of  this  table,  we  can  easily  solve  many  interesting 
problems  connected  with  regular  polygons,  from  the  triangle  up  to 
the  duodecagon.     Such  are  the  following  : — 

First,  The  width  of  a  polygon  being  given,  to  find  the  radius  of 
the  circumscribing  circle.— When  the  number  of  sides  is  even,  the 
width  is  understood  as  the  perpendicular  distance  between  two 
opposite  and  parallel  sides ;  when  the  number  is  uneven,  it  is 
twice  the  perpendicular  distance  from  the  centre  to  one  side. 


Bute. — Multiply  half  the  width  of  the  polygon  by  the  factor  in 
column  A,  corresponding  to  the  number  of  sides,  and  the  product 
will  be  the  required  radius. 

Example. — Let  18-5  m.  be  the  width  of  an  octagon  ;  then, 

H^  X  1-08  =  9-99  m.; 
2 

or  say  10  metres,  the  radius  of  the  circumscribing  circle. 


-" 
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Second,   The  radius  of  a  circle  briny  gicxn,  to  find  the  length  of 

0.'  n.I.  ■  /ii  .'_.  •   '  ■  i  .». 

-Multiply  the  radim  by  the  tactor  in  column  B,  corre- 

/        j -'«•.—  The  radius  being   10m.,  the  side   of  tn  inscribed 
octagon  will  be — 

10  x  -765  =  7  65  m. 
Third,    The  tide  of  a  polygon  being  giccn,  to  find  the  radiiu  of 
tkt  circumtcr 

—Multiply  i!  factor  in  column  C,  corro- 

Examj>le.  —  l.  ofanoctago:. 

i 

!  y  the  factor  in  column   D, 

i  :>e  side  of  an  octagon  being  765  m.,  the  area  will 
be— 

T    5  X  4-828  =  36-93  sq.ra. 

L  01    a  I  m  Us. 

71    1:  •         reumference  of  any  circle  be  divided  l.y  its  diame- 
-.t  will  be  a  Dumber  which  is  called,  At  ratio  c/ 
■  r.     This  ratio  is  found  to  be  (ap- 
prtudmal 

31410,   or -J 
that  ii,  the  circumference  equals  8-1416  tim.s  the  length  of  the 
diameter.      It   i-  npi  raic  formulas,  by  the  Greek 

resents  the  circumference  of  a  circle, 
and  1)  its  diameter,  tho  following  formula, 

•  L416  X  I), 
expresses  the  •!  I  the  eiretimierenee.     Th\is.  If  the 

diameter  of  a  oiroU,  or  1),  =  J  7  m.,  or  tho  radius,  It  =  1  •:!.'■  in.. 
:.!•  r.  not  Hill  be  equal  to — 

J,  or  8-1416  x  1-86  X  2  =  8-483  m. 
Hm  oirctunference  of  n  circ  la  I  H  -  .Ii  urn  tar,  or  radios, 

i.  farad  by  dividing  this  etroarafere by  B  1416  for  thi  former, 

lismi  b  r.  D,  of  ■  ehri  la,  the 
circumference  of  wbi<  .  is— 


and  the  radius,  K,  is— 


3  in-; 


B  481 


1  35  m. 


The  area  of  a  circle  iefou  .  j  the  circumfertmet  fry 

half  the  radim. — Tins  rule  is  expressed  in  the  folluwiug  formula: — 

The  area  of  a  circle  =  2  r  It  x  —  = 

This  term,  r  II :.  i«  merely  the  simplification  of  the  formula. 
The  nui:  multiplier  and  divisor,  mav  be  can- 

,-id  the  product  of  It  into  R  is  expressed  by  It',  or  the 
square  of  the  radius.      It  follows,  then,  that  the  area  of  a 
equal  to  the  square  of  the  radius  multiplied  by  the  circumference, 
or  81416. 

.  ,'<•.—  The  radius  of  a  circle  being  l-05m.,  the  area  will 
be— 

3  1410  X  105  X  It'.',  -  3-46S5sq.m. 

The  area  of  a  circle  being  known,  the  radius  is  determined  by 
dividing  the  area  by  31410,  and  extracting  the  square  root  of  the 
quotient. 

Kcumjilc. — The  area  of  a  circle  being  3-4035  sq.  m.,  the  radius 


V 


Area  = 


3-1416 
The  area  of  a  circle  is  derived  from  the  diameter ;  thus— 

rllXD  tD1 

1—  >  «    —; 

81416 

then,  since  -r  or —   =  -7854, 

•t  4 

the  formula  resolves  itself  into 

Aim  =  -7854  XD1. 
That  is  to  say.  if  in  multiply  the  faction,    7  putrc  of 

the  diameter,  the  product  will  be  the  area. 

/        ./ •!<■.—  The  area  of  a  circle,  the  diameter  of  which  mea- 
sures 21  m.,  is — 

•7854  X  21  X  21  =  S-46S5aq.ro, 

It  follows  from  this,  that  if  the  ar.  .  wn,  tliat 

of  en  inscribed  obeli  ii  obtainable,  by  multiplying  l>v  '7864;  that 

i-,  the  area  of  a  square  is  to  tho  area  of  the  inscribed  circle,  as, 
1416,  or  1  :   7 


TABU  Of   LFFKOXIal  VTr.  RATIOS  Bl  rWI  in  OIBI  lis   \M>  (QUASI  - 

tho  side  of  a  square  or  equal  area. 


1 

1 

. 

8.  Tho  side  of  a  snuarc x 

x 


The  diameter  of  a  circle X 

' X 

X 

x 

of  aotrcle x 

I  fan  x 


-seal 

■707 1 

•2261 
1-4142 
1-1280 


tho  side  of  tho  inscribed  square. 

■ 

the  ili  o  ;  ibing  circle. 

laaeribing  circle. 

tho  circii  irclc. 


table  aflbrdl  a  ready  solution  of  tho  following  amongst 
other  1 1     i 

I  be  diameter  of  a  circle  being   125  m.  or  125"/,  (railli- 
leof  •  square  of  equal  area  is 

3862-  1  In  775-/.. 


!.  The  circiin.t'-rcuce  of  I  iirJ.   being  S00"/M,  the 

the  Inscribed  square  i- 

860  x  S86"V 

Third.  The  si.h   of  I  square  being  21586"/,„  the  diameter  of 
the  circurascril  I 

ill.' =  305-27-/.. 
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The  radii  and  diameters  of  circles  are  to  each  other  as  the  cir- 
cumferences, and  vice  versa.  The  areas,  therefore,  of  circles  are  to 
each  other  as  the  squares  of  their  respective  radii  or  diameters. 

It  follows,  hence,  that  if  the  radius  or  diameter  be  doubled,  the 
circumference  will  only  be  doubled,  but  the  area  will  be  quadrupled ; 
thus,  a  drawing  reduced  to  one-half  the  length,  and  half  the 
breadth,  only  occupies  a  quarter  of  the  area  of  that  from  which  it 
is  reduced. 

73.  Sectors — Segments. — In  order  to  obtain  the  area  of  a  sector 
or  segment,  it  is  necessary  to  know  the  length  of  the  arc  subtend- 
ing it.  This  is  found  by  multiplying  the  whole  circumference  by 
the  number  of  degrees  contained  in  the  arc,  and  dividing  by  3G0°. 

Example. — The  circumference  of  a  circle  being  3-5m.,  an  arc  of 
45°  will  be 

3-5  X  45 


300 


=  -4375  m. 


The  length  of  an  arc  may  be  obtained  approximately  when  the 

chord  is  known,  and  the  chord  of  half  the  arc,  by  subtracting  the 

chord  of  the  whole  arc  from  eight  times  the  chord  of  the  semi-arc, 

and  taking  a  third  of  the  remainder. 

Example. — The  chord  of  an  arc  being  -344  m.,  and  that  of  half 

the  arc  -198,  the  length  of  the  arc  is 

■108X8—344 

^ =  -4133  m. 

The  area  of  a  sector  is  equal  to  the  length  of  the  arc  multiplied 
into  half  the  radius. 


Example. — The  radius  being  -169  m.,  and  the  arc  -266; 

•266  x  -169       „„„, 

5 =  -0225  sq.  m.,  the  area  of  the  sector. 

The  arc  of  a  segment  is  obtained  by  multiplying  the  width ;  that 
is,  the  perpendicular  between  the  centre  of  the  chord,  and  the 
centre  of  the  arc,  by  -626,  then  adding  to  the  square  of  the  pro- 
duct the  square  of  half  the  chord,  and  multiplying  twice  the 
square  root  of  the  sum  by  two-thirds  of  the  width. 

Example. — Let  48  m.  be  the  length  of  the  chord  of  the  arc 
and  18  m.  the  width  of  the  arc,  then  we  have 

18  X  -626  =  11-268,  and  (11-268)2  =  126-9678;  whilst 

(-)  =576;  therefore,  2x^126-9678  + 576  x"-~  =  636-24 

sq.  m.,  the  area  of  the  segment. 

The  area  of  a  segment  may  also  be  obtained  very  approximately, 
by  dividing  the  cube  of  the  width  by  twice  the  length  of  the  chord, 
and  adding  to  the  quotient  the  product  of  the  width  into  two 
thirds  of  the  chord.     Thus,  with  the  foregoing  data,  we  have 
183 


and, 


48  x  2 
X  2  x  18 


60-7 


=  576-0 


Total,  636-7  sq.  m. 
A  still  simpler  method,   is  to  obtain  the  area  of  the  sector  of 
which  the  segment  is  a  part,  and  then  subtract  the  area  of  the 


COMPARISON  OF  CONTINENTAL  MEASURES,  WITH  FRENCH  MILLIMETRES  AND  ENGLISH  FEET. 


Austria, . 


Bavaria, . 


Belgium,.... 
Bremen, 

Brunswick, . 


Cracovia,.. 
Denmark,., 


Spain, 


Papal  States. 


Frankfort, 
Hamburg,. 


Hanover,. 
Hesse,.... 


'"{ 


Designation  of  Measure. 


Vienna)  Foot  or  Fuss  r=  12  inches 

=  141  lines, 

(Bohemia)  Foot, 

(Venice)  Foot, 

Foot  (Palmo), 

Foot  (Architect's  Measure), 
(Carlsruhe)  Foot  (new)  =  10  inches 

100  lines, 

(Munich)  Foot  =  12  inches  =  144 

lines, 

(Augsburg)  Foot 

(Brussels)  Ell  or  Aune  =  1  metre,.. 

Foot, 

(Bremen)  Foot  =  12  inches  =  144 

lines, 

(Brunswick)  Foot  =  12   inches  = 

144  lines 

(Cracow)  Foot, 

(Copenhagen)  Foot, 

(Madrid)  Foot    (according    to    Lob- 

man), , 

Castilian  Vara  (according  to  Liscar), 
(Havanna)  Vara  =  3  Madrid  feet,  .. 

(Rome)  Foot, 

Architect's  Span  =  ^  foot, 

Ancient  Foot, 

Foot, 

Foot  =  3  spans  =  12  inches  =2  96 

parts, 

(Hanover)  Foot  =  12  inches  =  144 

lines, 

(Darmstadt)  Foot  =  10  inches  = 

100  lines, 


316-103 
296-416 
435-185 
347-398 
396-500 

300-000 

291-859 

206-168 

1,000000 

285-588 

289-197 

285-362 
356-421 
313-821 

282-655 
835-906 
847-965 
297-896 
223-422 
294-246 
284-610 

286-490 

291-995 

300-000 


1-037 
•970 
1-460 
1-140 
1-301 

•984 

•958 
•972 
3-281 
•937 

•949 

•936 
1  169 
1-029 


•965 
•933 


Holland 

Lubcck, 

Mecklenburg, . 

Modena, 


Ottoman  Empire,. 
Parma, 


Designation  of  Measure. 


Poland, ... 

Portugal,.. 

Prussia,... 

Russia,.... 

Sardinia, .. 

Saxe, 

Sicilies, ... 


Sweden, . 


Switzerland,.... 


(Amsterdam)  Foot  =  3  spans  : 

inches, 

(Rhine)  Foot, 

(Lubeck)  Foot, 

Foot, 

(MoJena)  Foot, 

(Reg^io), 

(Constantinople)  Grand  pie 

Aims-length  =  12  inches  =  1728 

atomi, 

(Varsovie)  Foot  =  12  inches  =  144 

lines, 

(Lisbon)  Foot  (Architect's  Measure), 

Vara  =  40  inches, 

(Berlin)  Foot  =  12  inches, 

(St.  Petersburg)  Russian  Foot, .. 

'  Archine, 

(Cagliari)  Span, 

(Weimar)  Foot, 

Span  =  12  inches  (ounces  =   60 

111  in  lit  i), 

(Stockholm)  Foot, 

(Bile  and  Lurich)  Foot 

(Berne  and  Neufchatel)  Foot  =  1 


Tuscany, 

Wurtemburg,. 


inch'- 


(Geneva)  Foot, 

(Lausanne)  Foot  =  10  inches  =  10 
lines, 

(Lucerne  and  other  Cantons)  Foot,.. 

Foot , 

Foot  =  10  inches  =  100  lines, 


283-056 
313-854 
291-002 
291-002 
523048 
530-898 
069-079 

544-670 

297-709 
338-600 
1,008-363 
309-726 
538-151 
711-480 
202-573 
281-972 

263-670 
296-838 
304-537 

293-258 
487-900 

300-000 
313-854 

548-167 

286-490 


•928 
1-030 
•954 
•954 
1-716 
1-742 
2-195 

1-787 

•977 
Mil 
3-636 
1-016 
1-765 
2-334 
•664 
•925 

•865 
•974 
■999 

•962 
1-600 

•984 
1-030 
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triangle    constituting    the   difference    between  the    sector    and 
H  .-•:  ■  :.* 

To  find  the  area  of  an  annular  (pace  contained  between  two  con- 
centric  articlci,   multiply    the   sum  of    the   diaii 
difference,  and  by  the  fraction 

Example. — Let  100m.  and  GOm.  be  the  respective  dl 
then,  (100  +  60)  x  (100  —  60)  x  -T8M  =  6026'M  »q.  dl  the 
area  of  the  annular  space. 

The  area  of  a  fragment  of  such  annular  space  will  bo  found 
by  multiplying  its  radial  breadth  by  half  tin-  sum  of  the  arcs,  or, 
more  com  |  tly,  1  y  tin-  arc  which  is  a  mean  proportional  to  them. 

mi:  asp  ai;i  \  Of  an  i;i  i  ii  sr. 

74.  The  rircumfi  B1  nee  of  II  Dal  to  that  of  a  circle, 

of  which  the  diameter  is  a  mean  proportional  Dl  twaen  the  two  axes  ; 


it  will  be  obtained  by  multiplying  such  mean  propor- 
tional by  3  MIC,  the  ratio  between  thvdiaiuetcrand  circumference 
of  a  circle. 

'        \fU,—\M  10  m.  and  6-4  m.  be  the  length*  of  the  respec- 
tive axis ;  then, 


\  10  x  6  4  x  3  1416  =  251328  m. 
The  are*  of  the  ellipse  is  obtained  by  multiply- 
of  the  two  axes  by  '7854,  thl  B  the  diameter  and  the 

I  ■  •    I  ■    7      I  =  —50-2656  sq.  m. 

■    in   the   indus- 
trial arts,  nu  1   partieiihiily  in   meclianies,  as  will    Ik-   seen   further 

on.    The  aiamplai  given  will  enaUatha  student  to  understand 

the    various   operations,   as    Well   as   to   solve   other    a:  . 

problems. 


CHATTER  II. 

THE  BTUDY  OF  PEOJECTIl  NS 


75.  To  indicate  all  the  dimensions  of  on  object  by  pictorial  de- 
lineation, it  is  necessary  to  represent  it  under  ■even]  different  as- 
pects. These  various  views  arc  compr.  h.  nl.  .1  under  the  general 
denomination  of  I  ind  usually  consist  of  derations, plans, 

■    •  n,  of  the   ttndy  of  projections,  or 
i  tiun  on  paper  of  the  appear- 

ances  of  all  bodies  of  many  dimensions  as  viewed  from  different 
: 
It  is  customary  to  determine  the  projeotioni  of  a  body  on  two 

principal  planes,  one  of   which  i-  distinguished  as  the   I- 

tharai  the  serttoaij  a,   These  two 

plans  are  also  called  ;,  |  tions  or  plans.    Tliey  are  an- 

aaefa  other,  the  horiaontal  plan  being  the  lower;  the  line 
ting  than  is  called  the  bom  lias,  and  is  always  parallel  to 
one  of  the  sides  of  the  draw  i- 
It  is  of  great  Importance  t"  have  a  thorough  knowledgo  of  the 
■  ■■■■  prim  Iplai  of  d, ■scriptive  geometry,  iii  ordi  r  to  l"'  able 
.;'  forms,  thi  i  ontonn  of  all 
kinds  of  objects;  and  wo  shall  now  .  ioh  explanatory 

details  as  are  necessary,  commencing  primarily  with  the  pn 
of  a  point  and  of  a  line. 


BLSMENTAKY   1'KINfII'I.KS. 
Till:     PROJECTIONS     OP     A     POINT. 
I'LATK  VI. 
It  A  n  c  D,  figs.  1  and  1  ,  bo  a  horizontal  plane 
tlio  board  on  which  the  drawing  i 
urfacc  of  a  pavement      Al  ...  le)   \  i:  ,  i   be 
.1  plane,  such  as  a  wall  at  one  side  of  the 
mi  nt  ;  the  straight    line,  which  is   I 


planes,  is  the  base  line.       Finally,  let  O  be  any  point  in  space,  the 
representation  of  which  it  is  d  :       If.  from  this  point, 

ii.  we  suppose  a  perpendicular,  o  o,  to  be  let  fall  on  the  horizontal 
plane,  the  point  of  contact,  o,  or  the  foot  of  this  perpendicular, 
will  be  what  is  understood  as  the  horizontal  projection  of  the 
given  point.  Similarly,  if  from  the  point.  O,  we  snppi 
pendioular,  o<>',  to  be  let  fall  on  the  vertical  plana,  A  li  i:  r,  the 
point  of  contact,  o\  or  foot  of  t li i -  perpendicular,  will  be  the 

vertical  projection  of  the  same    point.      These   perpendiculars  are 

reproduced  in  the  vertical  ami  horiaontal  plant  >,  1  j 

i.  parallel  and  equal  to  o  o  andoo. 
77.   It  follows  from  this  construction,  that,  when  the   two  pro- 
of  any  point  arc  ci\in.  the  position  in  space  of  the  point 

itself  is  deb  rminable,  it  being  oecoisarfly  the  point  of  intt 

of  perpendit mlan  arectad  on  the  reapecth  of  the 

point. 

As  in  drawin:;.  on!  i  |j  ,  the  sheet 

Of  paper,  and  |  to   one  and    tl 

plane.it  is  customary  to  luppOM   the  Vertical  plane.  A B  i:  F,  fig.  1, 

as  forming  a  continuation  of  the  fa  riaontal  plane,  i  H  id,  being 
turned  on  thi   I  {a,  so  as  to  coincide  with  it — 

just  as  a  book,  half  open,  is  folly  opened  tlat  on  a  table.     \\ , 
thus  obtain  tin    figure,  Dt  I  I .  fig,  I  .  n  |  rt  lentil 
the  two  plant  -  a  paratt  d  bj  the  base  Una,  a  n,  and 

tin   po.:  nl  the  horizontal  and  vertical  pro- 

jections of  tin-  given  point. 

It  will  be  remarked,  that  these  points.  In  in  one  line,  perpen- 
dicular to  the  bee  line,  a  B  j  thil  i'  1  I  '  ause.  in  the  t  iinii  li  ■;  down 
Of  the  previously  \crtical  plane,  the  line,  n  <• .  b(  comes  a  prolonga- 
tion of  the  line.  no.  It  ||  neci  ssary  to  observe,  thai  the  linc,fio', 
the  distance  of  the  point  from  the  horizontal  plane, 
whilst   -.  ni   the   \ertical  plane.        In 

other  words,  if  on  o  we  erect  a  perpendicular  to  the  plane,  and 
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measure  the  distance,  no-,  on  this  perpendicular,  we  shall  obtain 
the  exact  position  of  the  point  in  space.  It  is  thus  obvious,  that 
the  position  of  a  point  in  space  is  fully  determinable  by  means  of 
two  projections,  these  being  in  planes  at  right  angles  to  each 
other. 

THE  PROJECTIONS  OF  A  STRAIGHT  LINE. 

78.  In  general,  if,  from  several  points  in  the  given  line,  perpen- 
diculars be  let  fall  on  to  each  of  the  planes  of  projection,  and 
their  points  of  contact  with  these  planes  be  joined,  the  resulting 
lines  will  be  the  respective  projections  of  the  given  line. 

When  the  line  is  straight,  it  will  be  sufficient  to  find  the  pro- 
jections of  its  extreme  points,  and  then  join  these  respectively  by 
straight  lines. 

79.  Let  m  o,  fig.  2,  represent  a  given  straight  line  in  space, 
which  we  shall  suppose  to  be,  in  this  instance,  perpendicular  to 
the  horizontal,  and,  consequently,  parallel  to  the  vertical  plane  of 
projection.  To  obtain  its  projection  on  the  latter,  perpendiculars, 
Mm',  oo,  must  be  let  fall  from  its  extremities,  m, o;  the  straight 
line,  m  o,  joining  the  extremities  of  these  perpendiculars,  will  be 
the  required  projection  in  the  vertical  plane,  and  in  the  present 
case  it  will  be  equal  to  the  given  line. 

The  horizontal  projection  of  the  given  line,  in  0,  is  a  mere 
point,  m,  because  the  line  lies  wholly  in  a  perpendicular,  M  m,  to 
the  plane,  and  it  is  the  point  of  contact  of  this  line  which  consti- 
tutes the  projection.  In  drawing,  when  the  two  planes  are 
converted  into  one,  as  indicated  in  fig.  2",  the  horizontal  and  ver- 
tical projections  of  the  given  right  line,  II  0,  are  respectively  the 
point,  m,  and  the  right  line,  m  o . 

80.  If  we  suppose  that  the  given  straight  line,  m  o,  is  horizon- 
tal, and  at  the  same  time  perpendicular  to  the  vertical  plane,  as 
in  figs.  3  and  3",  the  projections  will  be  similar  to  the  last,  but 
transposed  ;  that  is,  the  point,  d,  will  be  the  vertical,  whilst  the 
straight  line,  mo,  will  be  the  horizontal  projection. 

In  both  the  preceding  cases,  the  projections  lie  in  the  same 
perpendicular  line,  m  m,  fig.  2",  and  6  o,  fig.  3*. 

81.  When  the  given  straight  line,  M  o,  is  parallel  to  both  the 
horizontal  and  the  vertical  plane,  as  in  figs.  4  and  4",  its  two  pro- 
jections, m  o  and  in  6 ',  will  be  parallel  to  the  base  line,  and  they 
will  each  be  equal  to  the  given  line. 

82.  When  the  given  straight  line,  BI  o,  figs.  5  and  5",  is  parallel 
to  the  vertical  plane,  A  b  e  f,  only,  the  vertical  projection,  in  o', 
will  be  parallel  to  the  given  line,  whilst  the  horizontal  projection, 
m  o,  will  be  parallel  to  the  base  line.  Inversely,  if  the  given  straight 
line  be  parallel  to  the  horizontal  plane,  its  horizontal  projection  will 
be  parallel  to  it,  whilst  its  vertical  projection  will  be  parallel  to 
the  base  line. 

83.  Finally,  if  the  given  straight  line,  11  o,  figs.  6  and  6",  is 
inclined  to  both  planes,  the  projections  of  it,  mo,  m'o',  will  both 
be  inclined  to  the  base  line,  A  B.  These  projections  are  in  all 
cases  obtained  by  letting  fall,  from  each  extremity  of  the  line,  per- 
pendiculars to  each  plane. 

The  projections  of  a  straight  line  being  given,  its  position  in 
space  is  determined  by  erecting  perpendiculars  to  the  horizontal 
plane,  from  the  extremities,  m  o,  of  the  projected  line,  and  making 
them  equal  to  the  verticals,  nm  and  po'.  The  same  result 
follows,  if  from  the  points,  in, 6,  in  the  vertical  plane,  we  erect 


perpendiculars,  respectively  equal  to  the  horizontal  distances, 
mn  and  po  The  free  extremities  of  these  perpendiculars  meet 
each  other  in  the  respective  extremities  of  the  line  in  space. 

THE  PROJECTIONS  OF  A  PLANE  SURFACE. 

84.  Since  all  plane  surfaces  are  bounded  by  straight  lines,  as 
soon  as  the  student  has  learned  how  to  obtain  the  projections  of 
these,  he  will  be  able  to  represent  any  plane  surface  in  the  two 
planes  of  projection.  It  is,  in  fact,  merely  necessary  to  let  fall 
perpendiculars  to  each  of  the  planes,  from  the  extremities  of  the 
various  lines  bounding  the  surface  to  be  represented ;  in  other  words, 
from  each  of  the  angles  or  points  of  junction  of  these  lines,  by  which 
means  the  corresponding  points  will  be  obtained  in  the  planes  of 
projection,  which,  being  joined,  will  complete  the  representations. 
It  is  by  such  means  that  are  obtained  the  projections  of  the 
square,  represented  in  different  positions  in  figs.  7,  7",  8,  8°,  and 
9,  9".  It  will  be  remarked,  that,  in  the  two  first  instances,  the 
projection  is  in  one  or  other  of  the  planes  an  exact  counterpart  of 
the  given  square,  because  it  is  parallel  to  one  or  other  of  the 
planes. 

85.  Thus,  in  fig.  7,  we  have  supposed  the  given  surface  to  be 
parallel  to  the  horizontal  plane ;  consequently,  its  projection  in 
that  plane  will  be  a  figure,  mopq,  equal  and  parallel  to  itself, 
whilst  the  vertical  projection  will  be  a  straight  line,  po,  parallel  to 
the  base  line,  A  B. 

86.  Similarly,  in  fig.  8,  the  object  being  supposed  to  be  parallel 
to  the  vertical  plane,  its  projection  in  that  plane  will  be  the  equal 
and  parallel  figure,  m  op  q,  whilst  that  in  the  horizontal  plane 
will  be  the  straight  line,  m  o.  When  the  two  planes  of  projection 
are  converted  into  one,  the  respective  projections  will  assume  the 
forms  and  positions  represented  in  figs.  7*  8". 

87.  If  the  given  surface  is  not  parallel  to  either  plane,  but  yet 
perpendicular  to  one  or  the  other,  its  projection  in  the  plane  to 
which  it  is  perpendicular  will  still  be  a  straight  line,  as  p '  o ',  figs. 
9  and  9",  whilst  its  projection  in  the  other  plane  will  assume  the 
form,  mopq,  being  a  representation  of  the  object  somewhat  fore- 
shortened in  the  direction  of  the  inclination. 

The  cases  just  treated  of  have  been  those  of  rectangular  sur- 
faces, but  the  same  principles  are  equally  applicable  to  any  poly- 
gonal figures,  as  may  be  seen  in  figs.  12  and  12",  which  will  be 
easily  understood,  the  same  letters  in  various  characters  indicating 
corresponding  points  and  perpendiculars.  Nor  does  the  obtain- 
ment  of  the  projections  of  surfaces  bounded  by  curved  lines,  as 
circles,  require  the  consideration  of  other  principles,  as  we  shall 
proceed  to  show,  in  reference  to  figs.  10  and  11. 

88.  In  the  first  of  these,  fig.  10,  the  circular  disc,  mopq,  is  sup- 
posed to  be  parallel  to  the  vertical  plane,  abef,  and  its  projec- 
tion on  that  plane  will  be  a  circle,  m  op' q,  equal  and  parallel  to 
itself,  whilst  its  projection  on  the  horizontal  plane,  A  B  c  D,  will  be 
a  straight  line,  qmo,  equal  to  its  diameter.  If,  on  the  other  hand, 
the  disc  is  parallel  to  the  horizontal  plane,  as  in  fig.  11,  its  vertical 
projection  will  be  the  straight  line,  pom,  whilst  its  horizontal  pro- 
jection will  be  the  circle,  op  m  q. 

If  the  given  circular  disc  be  inclined  to  either  plane,  its  projec- 
tion in  that  plane  will  be  an  ellipse ;  and  if  it  is  inclined  to  both 
planes,  both  projections  will  be  ellipses.     This  will  be  made  evi- 
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in  of  various  points  in  the  circum- 
■ 

Alien   constructing  the  pr> 
facilitatcA  tlic  process  considerably 

■.  11,  iad  IS. 
I  of  nil  plane  l  found, 

il  known  how  to  obtain  the  \  1  1 1 1 » » I. 

And,  mi 

.inJ  Ik t >  tion  of  their  |  ilows  the  same 

rule*. 


PROMS  AND  OTHEB  BOLDDS. 

PLA'Ii 

Before  ("ntprin.-  upon  the  principlee  involved  in  the  repri 
•entation  of  solids,  the  student  should make  himself  acqnainted 
with  the  descriptive  denominarioni  adopted  in  science  and  art, 
with  reference  to  such  objects;  and  we  here  subjoin  such  as  will 

I  i  i  il  riOKB.—  A  solid  is  an  object  baring  three  dimensions; 
that  is,  its  extent  oon  .  width,  and  height.     A         1 

also  possesses  magnitude,  volume,  or  capacity. 

I  nns  of  solids.     The  polyhedron  is  a  solid, 

.  and  the  tphere, 

'    y  curved  surfaces.     Thoae  are  termed  solids  of  re- 

i,  which  may  bo  defini  I  by  tin-  revolution  of  a 

ni  i  fixi  1  straight  line,  termed  the  axis.     Thus,  a  ring, 

or  aiiiui!  Derated  by  the  revolution  of  a  circle 

about  a  straight  line,  lying  in  the  plane  of  the  circle,  an  1 

I  the  plane    of  revolution.  lion,   the 

10M  of  which  are  parallelograms,  and  the  ends  equal  and 

parallel    polygons.       A    pri-m    is    termed  right,   when   the   lateral 

faces,  or  fate is,  arc  perpendicular  to  the  ends;  and  it  is  regular, 

when  the  ends  are  regular  polygons.     A  pri-m  i-  also  called  a 

when  the  ends  are  rectangles,  or  parallelograms; 

and  when  it  ii  i  and  square  facets,  it  u  termed 

represented  in  fig.  A. 
Other  i  ides  the  cube,  are  distingnJ 

appropt  ia,  the  tttrah  and  the 

.  which  are  bounded  externally,  respectively,  by  four, 
eight,  and  twenty  equilateral  triangles;  and  the  duodeeahedron, 
which  is  terminated  by  twelve  regular  pentagons.      A  pyramid 
i-  i  polyhedron,  of  which  all  thi   lateral 
uniting  In  one  point,  the  op  t,  and  ba 

,  which  i-  the  base  of  the  pyramid,  as  fig.  ©.      The  prism 
an. I  pyramid  are  triau-iilar,  .|iiadr.iiu-ul.ir.  pentagonal,   hi 

oording  as  the  ining  the  bases  are  triangles, 

• 
By  the  height  of  a  pyramid  is  meant  the  length  of  a  perpendi- 

•  fall  from  the  apex  on  the  base ;  the  pyramid  IsaryiU 

I  whan  this  pa] lieular  mat  i-  the  oentre  of  thi 

pyramid,  or  the  frustum  of  a  pyramid,  is  ■  solid 
which  ms  I  as  a]  yramid  having  the  apex  cut  otr  by 

a  plane  paralh  I,  or  In  lno  A  to  the  base. 

\       .  Vm/.r  i»  a  solid  which    may  ! 
a  straight  line,  revolving  ubout,  and  at  any  given  distann 


IT  axis  to  which  it  ir  paralll  1.       A  cylinder  which  . 

g  alniut  one  of  its  sides  as  an  axis, 
is  said  to  be  a  right  cylinder;  such  a  one  ia  ■  ted  in  fig.  2. 

A  . 

one  of  its  sides  as  an  axis.      \ 

terminated  short  of  the  apex   by  a  plane  parallel,  or  inclined   to 
the  base.     Thil  '•■ 

cone  is  said  to  be  right  wh<  n  its  base  is  a  circle,  and  when  a  per- 
pi  ndicular  let   fall   from  the  apex   passes  through    i 

\  '  •  lution  of  a  semicircle 

about  its  diami  tl  t  as  an  axis,  as  fig.  (§. 

■    .    '    ■ 

|    lail'r.is  of  the 
sphere  of  which   the    sector   forms  a   part.      When  tin 
revolution  is  exterior  to  thi  generating  sector,  thi 
obtained  will   be  annular  or  sonic.     The  1  by  the 

are.  t.  i  '.  i-  the  The  rono  b. 

spheric  ore  whan  the  axis  of  n  vt  lution  i- 1  oi  of  the  radii  forming 
•■•r. 
A  rtion,  a*  i  n  a 

comprised  between  two  semii  ircular  planes  inclim  1  I 
and  meeting  in  a  diameter,  as  I  o,  of  the  sphere.  Th  il  port, 

surface  of  the  sphere  which  forms  the  base  of  the  ungula,  i 
a  'jure. 

A  ipl  i-  any   part  of  a  sphere  cut  off  by  a  plane, 

and  may  be  considered  as  a  -olid  of  rev. ;  i  by  the 

revolution  of  a  plane  segment  shout  its  centre  line.     The  plane 
surface    is   the    bast    of  the  segment.     When  thi 
through  the  centre  of  the  sphere,  two  equal  segments  are  obtained, 
termed  hemisphi  ret. 

A      mental  wiiiidim  is  a  solid  general.  1  by  the  revolution  of  a 
•merit,  ii'  It'  K.  fig.  7.  about  any  diameter.  <i  b,  of  the  sphere, 

apart  from  the  segment     D1  k  i-  the  chord,  and  m  a,  its  projection 
on  the  axi-.  is  the  hi  ight  of  thi   H    mental  annulus. 
\  I  of  a  part,  lhi  d,  of  ■ 

comprised  betwei  n  two  par.dh  1  pi 

A  spheric  pyramid,  or  pyramidal  \  rramid  of  which 

the  base  is  part  of  the  surl  toeof  a 

the  centre;  the  base  may  be  I  gem. 

Tin:  i  0.  A. 

91.    A     Clllie.  Of      Which     two     sides    ;,r,      re-p,  ct  i\  i  ly    parallel     tl! 

bj  aqua] 

.   \  ii  i    D,  and  A    n   I  11. 

This  is  indeed  but  a  combination  of  some  of  the  sinrj  I 
already  given.     We  have  seen  that  when  a  side,  such  as  a  b  i  \ . 
parallel  to  the  vertical  pU  o  on  the  hori- 

tontal  plain  is  rednot  d  to  a  straight  line,  ■  b,  6  ;.  1 ',  its  p, 
on  the  vertical  plane  being  a  il  ore,  l'b'b'i  ,fig.  1,  equal  to  itself. 

Similarly,  the  side,  a  r.  i   D,  which  il   parallel   to  the  horizontal 
■     I    00    the  Milled    plain- in  the   line.  A    Il',  fig.  1, 
and   by  the  figure,  J,  B  I    D,fig.  I.  in   the   horizontal  plane.      The 
si.h  s,  A  D  II  I    and  B  I    I  ail  h  are  perpendicular  to  both 

the  horizontal  and   the  v.  rt'enl  plane,  BN   represented   in  both  by 
Straight   lines,  as  A  D  and  n  Q,  tig.  1  ,  and  a'  r'  and  H'  I 
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being  respectively  in  the  same  straight  lines  perpendicular  to  the 
base  line,  l  t.  It  will  also  be  perceived,  that  the  base,  peg  h, 
fig.  £\,  cannot  be  represented  in  the  horizontal  projection,  nor  the 
side,  DC  gh,  in  the  vertical,  since  they  are  respectively  immedi- 
ately behind  and  hidden  by  the  sides,  A  B  c  D  and  A  B  E  F,  repre- 
sented in  the  projections  by  the  squares,  A  b  c  d,  fig.  la,  and 
a'b'e'f',  fig.  1.  They  are,  however,  indicated  in  the  planes  to 
which  they  are  perpendicular,  by  the  straight  lines,  f'  e'  and  D  C. 

92.  It  will  be  evident  from  these  remarks,  that  in  order  to 
design  a  cube  so  that  a  model  may  be  constructed,  it  is  sufficient 
to  know  one  of  the  sides,  for  all  the  sides  are  equal  to  each  other. 

When  the  plans  are  intended  to  be  used  in  the  actual  construc- 
tion of  machinery  or  buildings,  the  objects  should  be  represented 
in  the  projections  as  having  their  principal  sides  parallel  or  per- 
pendicular to  the  horizontal  and  vertical  plane  respectively,  in 
order  to  avoid  the  foreshortening  occasioned  by  an  oblique  or  in- 
clined position  of  the  object  with  reference  to  these  planes,  because 
the  actual  measurements  of  the  different  parts  cannot  be  readily 
ascertained  where  there  is  such  foreshortening. 

To  obtain,  then,  the  projections  of  the  cube,  fig.  lh,  a  square 
must  be  constructed,  as  abcd,  fig.  1",  having  its  sides  equal  to 
the  given  side  or  edge,  the  sides  A  3  and  d  c  being  disposed  parallel 
to  the  base  line;  next,  the  square  must  be  reproduced  as  at  a'b'e'f', 
fig.  1,  on  the  prolongations  of  the  sides,  A  D  and  b  c,  which  are 
perpendicular  to  the  base  line. 

THE   PROJECTIONS  OF  A  RIGHT  SQUARE-BASED   PRISM,  OR 
RECTANGULAR   PARALLELOPIPED,    FIG.  IS. 

93.  The  representation  of  this  solid  is  obtained  in  precisely  the 
same  manner  as  that  of  the  cube,  the  sides  being  supposed  to  be 
parallel  or  perpendicular  to  the  respective  planes  of  projection. 
The  base  of  the  prism  being  square,  its  horizontal  projection  is 
necessarily  also  a  square,  abcd,  fig.  2" ;  but  its  vertical  pro- 
jection will  be  the  rectangle,  a'b'e'f',  fig.  2,  equal  to  one  of  the 
sides  of  the  prism.  For  the  construction  of  these  projections,  the 
same  datum  as  in  the  preceding  case  is  required;  namely,  a  side  of 
the  base,  and,  in  addition,  the  height  of  the  parallelopiped,  or 
prism. 

THE  PROJECTIONS  OF  A  QUADRANGULAR  PYRAMID,  FIG.  <S. 

94.  This  pyramid  is  supposed  to  be  inverted,  and  having  its 
base,  abcd,  parallel  to  the  horizontal  plane :  it  follows  upon  this 
assumption,  that  its  horizontal  projection  is  represented  by  the 
square,  abcd,  fig.  3°.  The  axis,  or  centre  line,  o  s,  which  is 
supposed  to  be  vertical,  and  consequently  passes  through  the  centre 
of  the  base,  is  projected  on  the  horizontal  plane  as  a  point,  o,  fig. 
3",  and  on  the  vertical  plane  as  a  line,  o'  S ;  drawing  through  the 
point,  o',  of  this  line,  the  horizontal  line,  a'  b',  equal  to  a  side  of 
the  base,  which  is  supposed  to  be  parallel  to  the  vertical  plane,  we 
shall  obtain  the  vertical  projection  of  the  base;  and  joining  a's,  b's', 
that  of  the  whole  pyramid,  the  points  a'  and  b'  may  be  found  by 
prolonging  the  parallels,  ad,  bc,  fig.  3".  This  maybe  conveniently 
done  with  the  square,  and  the  operation  is  usually  termed  squaring 
over  a  measurement — that  is,  from  one  projection  to  another.  The 
lateral  facets,  SBC  and  SAB,  are  represented  in  the  vertical  pro- 
jection by  the  straight  lines,  a' s,  b's,  fig.  1,  since  they  are  per- 


pendicular to  the  vertical  plane ;  and  the  projection  of  the  facet, 
D  s  C,  is  identical  with  a'  s  b',  that  of  the  front  facet,  A  s  B,  im  ne- 
diately  behind  which  it  is.  Since  each  of  the  inclined  converg:ng 
facets  are  hidden  by  the  base,  they  cannot  be  drawn  in  sharp  lines 
in  the  horizontal  projection ;  we  have,  however,  indicated  their 
positions  in  faint  lines,  fig.  3".  "Were  these  lines  full,  the  projec- 
tion would  be  that  of  a  pyramid  with  the  apex  uppermost,  or  of 
a  hollow,  baseless  pyramid,  in  the  same  position  as  fig.  ©. 

THE  PROJECTIONS  OF  A  RIGHT  PRISM,  PARTIALLY   HOLLOWED, 

AS   FIG.  £>. 

95.  The  vertical  and  horizontal  projections  of  the  exterior  of 
this  solid,  are  precisely  the  same  as  those  of  fig.  [§ ;  they  are  re- 
presented respectively  by  the  square,  abcd,  fig.  4",  and  the  rec- 
tangle, a'  b'  e'  f',  fig.  4.  It  will  be  perceived,  that  the  internal 
surfaces  of  this  figure  are  such  as  may  be  supposed  to  form  some 
of  the  sides  of  a  smaller  prism ;  the  sides,  g  ii  i  j  and  k  lm  n,  are 
parallel  to  the  vertical  plane,  and  gknj  and  hi  ml  perpendicular 
to  it,  and  it  follows  that  the  projections  of  this  lesser  figure 
will  assume  the  forms,  g'  h'  i'  j',  fig.  4,  and  g  h  l  k,  fig.  4". 
The  lines,  K  G,  L  H,  are  faint  dotted  lines,  instead  of  being  sharp 
and  full,  as  being  hid  by  the  base,  abcd,  of  the  external  prism. 
These  lines  will  be  found  to  be  different  to  the  projection  lines,  or 
working  lines.  The  latter  are  composed  of  irregular  dots,  whilst 
those  which  indicate  parts  of  the  figure  which  actually  exist,  but 
are  hidden  behind  more  prominent  portions,  are  composed  of  regu- 
lar dots.  This  distinction  has  been  adhered  to  throughout  the 
entire  series  of  Plates. 

97.  On  examining  the  examples  just  treated  of,  it  will  be  ob- 
served, from  the  horizontal  projections,  that  the  contour,  or  out- 
line, is  in  every  case  square,  whilst,  from  the  vertical  projections, 
it  will  be  seen  that  each  object  is  different.  This  demonstrates 
that  one  projection  is  not  sufficient  for  the  determination  of  all  the 
dimensions  of  an  object ;  and  that,  even  in  the  simplest  cases,  two 
different  projections  are  absolutely  necessary.  It  will,  moreover, 
be  seen,  as  we  advance,  that  in  many  cases,  three,  and  at  times 
more,  projections  are  required,  as  well  as  sections  through  two  or 
more  planes. 

the  projections  of  a  right  cylinder,  fig.  1. 

98.  The  axis,  0  m,  of  this  cylinder  is  supposed  to  be  vertical, 
and  its  bases,  A  P.,  E  F,  will  consequently  be  horizontal.  Its  pro- 
jections in  figs.  5  and  5"  are  represented  by  the  rectangle,  aVeV, 
on  the  one  hand,  and  the  circle,  A  c  B  D,  on  the  other.  It  is  evi- 
dent, that  to  draw  these  figures,  it  is  quite  sufficient  to  know  the 
radius,  o  a,  of  the  base,  and  the  height,  o  m  ;  with  the  given 
radius,  we  describe  the  circle,  A  C  B  D,  which  is  the  horizontal  pro- 
jection of  the  whole  cylinder;  then  making  the  vertical,  o'  M,  equal 
to  the  given  height,  and  squaring  over  by  means  of  the  parallels, 
A  a',  b  b',  the  diameter  of  the  circle,  we  draw,  through  o'  and 
M,  the  horizontals,  a'  b',  e'  f',  completing  the  parallelogram, 
a'b'e'f,  which  is  the  vertical  projection  of  the  cylinder. 

THE  PROJECTIONS  OF  A  RIGHT  CONE,  FIG.  IF. 

99.  The  projections  of  a  right  cone  differ  from  those  of  the  cylin- 
der solely  as  far  as  regards  the  vertical  plane.    Thus  it  will  be  seen, 
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6  ami  6*,  that  the  horizontal  projectioo  of  tl 

ma  a*  that  of  a  cylinder  having  an  equal  luuo  ;  but 
the  vert  in  place  of 

isosceles  triangle,  of  which  the  bate  I  ter  of  the 

■  rating  the  horizontal  projection,  whili!  the  height  is  that 

:  r  i"  eanctract 
theae  projections,  it  is  mffieienl  to  know  the  radina  of  t li • 

Tin:  (§. 

100.  A  sphere,  In  «  a  it  may  be  with  reference 
to  the  planes  of  projection,  i-  invariably  topieaeuled  In  etch  by  a 
circle,  lbs  diameter  of  which  i-  equal  to  it-  own  :  conaeqoently,  if 

the  two  ;  .    ind  7  ,  of  the  centre  ! 

we  have  merely  to  describe  circles  w-ith  |  .  with  a 

radius  equal  to  that  It  n  sphere. 

n  from  this,  thnl  one  projection  should  be  sufficient 

to  indicate  thai  I  .  i-  ■  sphere  :  but  on  referring 

.',',  :iinl  flP,  and  7  ,  it  will  he  Men  i  "lie  pro- 

different  solid-    namely,  the  oylindertthe 

coin-,  an. I   the  sphere.      lUl   is  a   further   illustration   of  the  in  - 
y  of  one  pro;  a  faithful  representation  of 

an\  solid  form.  It  is  true,  thai  by  shading  the  d 
wc  approach  nearer  to  the  desired  representation;  but  still, 
such  shade 1 1  projection  would  equally  represent  that  of  a  cylinder 
with  a  liciiii.pinric.il  termination.  Hie  same  remark  applies  to 
the  shaded  projections  of  cylinders  and  cones,  and,  indeed,  to  all 
solid  bodies. 

OF  BBADOW-UHBS. 

101.  To  distinguish  and  relieve  tln.se  parts  of  a  drawing  which 

indicate  the  more  prominent  portions  of  the  object 
•  1.  it  is  customary  to  employ  fine  simp  lini  I  for  that 
part  of  the  outline  on  wfail  li  the  light  strike-  in  lull,  and  strong 
and  heavy  lines  for  the  part-  which  are  at  the  same  time  in  relief 
and  in  llie  shade  ;  the  latter  description  of  lines  arc  called 
linei. 

Tor  the  maintenance  of  uniformity,  it  is  obviously  expedient 
to  suppose  the   light   to  strike  any  object   in  some  constant  and 

particular  direction.      The   assumed  direction  should  be  im  li 1, 

in  order  that  some  part-  of  the  object  may  be  thrown  into  shade, 
whilst  others  nre  more  strongly  illuminated.  Hitherto, a  uniform 
method  baa  not  been  generally  adopted  with  regard  to  the  assumed 
direction  of  the  rays  of  liu'lit.  s,.me  authors  have  recommended 
it  were,  parallel  to  that  diagonal,  \n,ofthc 
..  of  which  the  projection!  an  \  o  and 

1",   olio  :  .  iii-c  the  ray   of  light  to  take  the  direction 

A    I.    in  the  \'  rtii  al.  aiel  n  li  in  the  horizontal  plane  of  projection. 
and  son i.  1  thai  the  ray  should   strike  the   ol 

a  direction  perpendicular  to  either  of  the  planes.      We  have 
adopted  the  Brat  •mentioned  system,  and  we  shall  shi 

what  points  it  is  superior,  and  ea  what  account  il  i-  pi,  t,  ruble,  to 
any  Other. 

The  line  which  we  take  as  the   diagonal   of  the  cube,  is  that 

win.  h  extea  la  from  the  corner,  a,  of  the  front  facet  of  it 

fig.  A,  to  the  extreme  and  opposite  corner,  O,  of  the  posterior 


of  the  c  I  l  ,  are  respectively  the  lini 

lying  each  at  n  i   with  aha) base  line    Tin  • 

ersl,  in  our  drr 

in  the  d  I  and   I .  in  tig.  B,  a<  cording  as  the 

•n  i-  in  the  vertical  or  hori. 

■ 

line  thus  adopt  r   plane 

of  projection  ;  ;-  inclination  is  in  fact  - 

and   may  be   del 61  milled   by  means  of  the  dugrac 
this  pur;  i  -iippo-e  tlm  perpendicular  plane  in 

which  the  ray  or  line  1  i •  -.  a-  turn,  I  or  folded  down  upon  tin  \c  r- 
tical  or  horizontal  plane,  the  turning  avis  being  perpendicular  to 
the  base  line.      1-et  us,  in  the  tirst  place.  two  pro- 

I  and  it.  of  the  ray.  to  meet  in  the  point,  0,  in  the  base 
line.  I    I  ;  taking  any  point  in  tlii-  ray.  a-  projected  in  the  horizontal 
plane  at  n,  and  in  the  vertical  at  »',  with  the  point,  o,  as  | 
and  radius,  no.  describe  the  arc.  o  Bd  .  Cutting  the  base  line  in  the 

through  thia  point  draw  the  perpendicular,  6  i 

Bach   way  by  the    lines,  a  6,  a  A.  drawn    parallel   to  the   I   . 

the  points,  a, d.  Joining  00  and  off,  the  line-  ibus 
obtained  indicate  tho  position  and  inclination  of  the  ray,  when 
folded  down,  as  it  were,  on  cither  plana  Of  projeotion;  and  on 
applying  a  protractor,  it  will  be  found  that  the  actual  angle  of  in- 
clination is  one  of  3o  16  nearly.  Having,  then,  fixed  upon  the 
direction  of  the   rays  of  light,  which  are,  of  course,  sup] 

U  1  amongst  themselves, it  will  be  easy  to  determine  which 

part  of  an  Object  i-    illuminated,  and  which    is  in   the  sh  . 
will  be  perceive  el.  for  e  x:iin| ■!.■.  in  tiu's.  1  and  1*,  that   the  illumi- 
nated portions  are  those  repmei  nted  by  the  linns,  a  b  an.l  a  d,  on 

the  i hand,  and   \    B   ami  A   1    9n  the  Other;    and   that    t 

the  shade  an  represented  respectively  by  the  lines,  bc,<  D,and 
ii,ii,      It  most  be  observed,  that  according  to  this  system, 

whatever  part  of  the  object  is  represented  as  illuminate  e]  in  one 
projection,  is  equally  so  in  the  other;  the  shaded  perl 
■ponding    in  a  similar   manner.      What   has   jos)   been   saiel   with 
t,,  the-  cub,,  i-  eepially  applicable  to  all  pri-m-    or  solids 

bounded  by  sharp  definite  outlines,  care-  being  taken  to  employ 

heavy  shadow  lini  -    only  on  the  outlines  of  part-  which   are'   both 

prominent  and  in  the  shade— such  shadow-line*  separating  the 
facet-  which  arc  illuminate  el.  from  those  which  are  BOt 

103.  With  regard  to  round  bodies,  the  projections  of  the  lateral 

portions   being   bounded  by    lines   which  should   not  Indicate 
prominent  ami  sharply  defined  edges,  so  full  a  shadow  line1  should 
I  a-  that  forming  the  outline  of  a  plana  ami  pro- 
Tims,   in   li_-s.  5,  o.  and  7.  the   line-.  ■']  .  -    n  , 

audi    i  d',  an  not  nearly  aaatrongeafteeorreaponding  lini 

Ihna  should  not  be  a- 
those   on   the    illuminated   sido    of  the   object,    but    of  a    medium 

strength  or  thickneaa,  to  Indii  ata  the  portion  of  the  object  which 

is  III  the  shade.       In    other   word-,  a  sharp   tine   line   indicate-   the 

fully  illuminated  outline,  a  fuller  line  the  portion  iii  aha 

a  shadow-line'    still    BtlOOget   that    portion   which    is   both   in    the 
shade,  and  has  a  prominent  sharply  defined  edge.     The  Straight 
i   and   \  a .  8  bj  B  and  8,  will  oeceaaarity  be  full  aba  low- 
line*,  as  re  pr,  tenting  the  adgi  tin  ly  in  the  shade. 
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In  the  horizontal  projection  of  the  cylinder,  fig.  5",  the  illumi- 
nated portion  corresponds  to  the  semi-circle,  a  db,  whilst  that  in 
the  shade  is  the  other  semi-circle,  acb;  the  points,  a,  b,  of 
separation  of  the  two  halves,  are  obtained  by  drawing  through 
the  centre,  O,  a  diameter,  a  b,  perpendicular  to  the  ray  of  light, 
d  o,  or  by  drawing  a  couple  of  tangents  to  the  circle  parallel 
to  this  ray.  The  straight  line,  a  b,  is  inclined  to  the  base  line 
at  an  angle  of  45°.  Great  care  is  necessary  in  producing  the 
circular  shadow-line,  acb,  and  the  nibs  of  the  drawing-pen  should 
be  gradually  brought  closer  as  the  extremities,  a  and  b,  of  the 
shadow-line  are  approached,  so  that  it  may  gradually  die  away 
into  the  thickness  of  the  illuminated  line.  By  inclining  the 
drawing-pen,  or  by  pressing  it  sideways  against  the  paper,  the 
desired  effect  may  be  produced  ;  the  exact  method,  however,  being 
obtained  rather  by  practice  than  by  following  any  particular  in- 
structions. A  very  good  effect  may  also,  in  some  instances,  be 
produced,  by  first  drawing  the  entire  circle  with  the  fine  line,  and 
then  retracing  the  part  to  be  shadow-lined  with  a  centre  slightly 
to  one  side  of  the  first  centre,  and  repeating  this  until  the  desired 
strength  of  the  shadow-line  is  obtained. 

104.  In  the  plan  of  a  cone,  fig.  6",  the  part  in  the  shade  is 
always  less  than  the  part  illuminated  ;  but  it  requires  an  especial 
construction,  which  will  be  found  in  the  chapter  treating  of  Shadows, 
for  the  determination  of  the  lines  of  separation,  S  e ;  and  it  is  sel- 
dom that  such  extreme  nicety  is  observed  in  outline  drawings,  the 
shadow-line  of  the  plan  of  the  cone  being  generally  made  the 
same  as  that  of  a  cylinder,  or  perhaps  a  little  less,  according  to 
the  judgment  of  the  artist.  Yet,  if  the  height  of  the  cone  be 
less  than  the  radius  of  the  base,  the  whole  conical  surface  will  be 
illuminated,  and  consequently  its  outline  should  have  no  shadow- 
line. 

105.  In  explanation  of  the  motives  which  have  guided  us  in 
the  adoption  of  the  diagonal  of  a  cube,  as  projected  in  the  line9, 
R,  r',  fig.  8,  as  the  direction  of  the  rays  of  light,  in  preference  to 
the  other  systems  proposed,  we  shall  proceed  to  point  out  some 
of  the  inconveniences  attending  the  latter. 

In  the  first  place  it  must  be  observed,  that  if  we  adopt,  as  the 
direction  of  the  rays  of  light,  the  diagonals  projected  in  A'E  and 
db,  figs.  1  and  1",  that  part  of  the  object  which  is  represented  in 
the  plan  as  illuminated,  does  not  correspond  with  the  part  repre- 
sented as  illuminated  in  the  elevation  :  in  such  case,  the  shadow- 
lines  would  be  ab  and  BC  in  the  horizontal  projection,  and  f'e, 
d'  e'  in  the  vertical,  so  that  there  is  no  distinction  made  between 
the  plan  and  the  elevation ;  whereas,  according  to  the  system 
adopted  by  us,  it  is  at  first  sight  apparent  which  is  the  plan,  and 
which  the  elevation,  from  the  mere  shadow-lines,  which  are  in  the 
latter  at  the  lower  parts  of  the  object ;  whilst,  in  the  former,  they 
are,  on  the  contrary,  at  the  upper  parts.  It  is  not  natural,  more- 
over, to  suppose,  that  in  the  representation  of  any  object,  the  light 
can  be  made  to  come  as  it  were  from  behind  the  object,  for  in  that 
case  the  side  nearest  the  spectator  would  evidently  be  in  the 
shade;  and  yet  it  is  only  on  such  a  supposition  that  the  projections 
of  the  ray  of  light  can  be  such  as  D  b  and  a'  e'.  Thus  a  double 
inconvenience  may  be  urged  against  this  system. 

If,  on  the  other  hand,  the  rays  of  light  are  supposed  to  be  per- 
pendicular to  either  plane,  such  confusion  will  result  as  to  render 


it  impossible  to  ascertain,  by  any  reference  to  the  shadow-lines, 
what  is,  or  what  is  not,  illuminated,  and  thus  the  object  of  employ- 
ing shadow-lines  would  be  lost  sight  of.  Thus  let  us  suppose,  for 
example,  that  the  light  is  perpendicular  to  the  vertical  plane, 
whence  it  follows  that  the  whole  of  the  anterior  facet,  figs.  1  to  4, 
is  fully  illuminated ;  but,  at  the  same  time,  all  the  facets  perpen- 
dicular to  the  vertical  plane  are  equally  in  the  shade,  and  it  would 
consequently  be  necessary  to  use  shadow-lines  all  round,  or  else  not 
at  all;  and  whichever  plan  was  adopted, would  be  quite  unintelligible. 
Besides  this,  it  is  unnatural  to  suppose  that  the  spectator  should 
place  himself  between  the  light  and  the  object.  Indeed,  it  is  un- 
questionable that  the  most  appropriate  direction  to  be  given  to  the 
ray  of  light  is  as  before  stated,  that  of  the  diagonal  of  a  cube,  of 
which  the  facets  are  respectively  parallel  to  the  two  planes  of  pro- 
jection ;  and  the  projections  of  this  diagonal  are,  consequently, 
inclined  to  the  base  line  at  an  angle  of  45°,  but  proceeding  from 
above  in  the  vertical  projection,  and  from  below  in  the  horizontal 
projection,  as  shown  by  the  arrows,  R  and  r',  fig.  8. 


PROJECTIONS  OF  GROOVED  OR  FLUTED  CYLINDERS 

AND  RATCHET  WHEELS. 

PLATE  VIII. 

106.  The  various  diagrams  in  this  plate  are  designed  principally 
with  the  view  of  making  the  student  practically  conversant  witli 
the  construction  of  the  projections  of  objects  ;  and,  besides  teach- 
ing him  how  to  delineate  their  external  contours,  to  enable  him  to 
represent  them  in  section,  that  their  internal  structure  may  also  be 
recorded  on  the  drawing. 

Figs.  1  and  1°  are,  respectively,  the  plan  and  elevation  of  a 
right  cylinder,  which  is  grooved  on  its  entire  external  surface.  The 
grooves  on  one-half  of  the  circumference  are  supposed  to  be 
pointed,  being  formed  by  isosceles  triangles  of  regular  dimen- 
sions, and  may  represent  the  rollers  used  in  flax  machinery,  in 
apparatus  for  preparing  food  for  animals,  and  in  many  other 
machines.  The  other  half  of  the  circumference  is  formed  into 
square  or  rectangular  grooves,  the  lateral  faces  of  which  are  either 
parallel  to  the  centre  lines  which  radiate  from  the  centre,  or  are 
themselves  radiating. 

107.  To  construct  the  horizontal  projection  of  this  cylinder, 
that  is,  as  seen  from  above,  we  must  first  ascertain  how  many 
grooves  are  contained  in  the  whole  circumference ;  then  drawing  a 
circle  with  a  radius,  A  0,  which  should  always  be  greater  than  that 
of  the,  given  cylinder,  divide  it  into  twice  as  many  equal  parts  as 
there  are  grooves.  If  the  student  will  refer  back  to  the  section 
treating  of  linear  drawing,  illustrated  in  Plate  I.,  he  will  find  simple 
methods  of  dividing  circles  into  2,  3,  4,  6,  8,  and  12  equal  parts, 
and,  further,  of  subdividing  these.  Thus,  as  the  cylinder,  fig.  1, 
contains  24  grooves,  its  circumference  must  be  divided  into  48  equal 
parts.  To  obtain  these,  begin  by  drawing  two  diameters,  A  B,  C  D, 
perpendicular  to  each  other;  then,  from  each  extremity,  mark  off  the 
length  of  the  radius,  A  o,  thus  obtaining  the  four  points  numbered 
8  on  one  side,  and  the  points  numbered  4  on  the  other — making, 
with  the  points  of  intersection  of  the  two  diameters  with  the  cir- 
cumference, in  all,  12  points.  It  remains  simply  to  bisect  each 
space,  as  a— 4,  b— 4,  or  4 — 8,  &c,  as  well  as  the  lesser  spaces 
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iliui  found;    tliif  will  give  the  48  di 

llio  pointa  of  division  draw  *  series  of  radii,  wliich   will  divide 
■  ill  llic  radios,  hi,  into  the  same 
Dumber  of  equal  par:  ;i   of   the  grooves  U  limit .••! 

by  tin-  circle  described   with   |  ■•  i  ,  whilst  the  outside 

of  tha  inl  fined  by  the  circle  of  the  reditu,  o  p. 

All  the  operations  which  we  here  ■  >:•■  i  died  for 

'..ir  end  rectangular 
1  ate  must,  in  the  former  case,  join  the  pointe  of  in- 

I  a  circumference  alternately ; 

whilst  in  the  tatter  case  we  require  no  fresh  lines,  bol  bate  simply 
to  ink  in  altcniate  portions  of  the  two  circles,  as  well  as  the  radial 

106.  To  draw  tbi  rerti  d  projection,  fig.  1",  it  is  necessary  that 

th  should  be  ghran,  say  at  n  =  54.      First  sot  out  the 

two  horizontals,  m'  v,  s\\  limiting  the  depth  of  the  figure .  then, 

to  obtain  the  prpjeotioa  of  the  grooves  and  ridges,  square  over 

ints,  t,  f,  g,  h,  eYe.,  and  drew  parallela  through 

the  points  thus  found  in  fig,  V,  ns  f,  /,  ;/'.  I,  .      This  COmpll  tea 
■    in,  ■::  1  r.  presents  the  whole  exterior  of  that  part  of  the 
cylinder  below  the  horitontal,  m  p. 

{actions  are  not 
always  sufficient  to  form  a  eompli  te  representation  of  an  object : 
thus  it  will  l.e  erident,  from  a  eonaidemtion  of  figs,  l  and  l '.  that 
n  third  view  is  necessary  to  explain  the  interior  of  the  cylinder. 
The  radius,  oo  =  32,  of  the  central  circular  opening,  is  not  ap- 
parent in  ti„'.  1*,  it  is  only  to  he  found  in  the  plan  ;  whereas  we 
have  alrea  ly  seen,  that,  to  determine  its  exact  position,  it  should 
1..-  repreei  ;it  1  in  two  projections.  From  figs,  1  ami  I"  it  is  im. 
possible  to  sec  if  the  oji.-iiin^;  exists  throughout  the  depth  of  the 

Cylinder,  or  if  its  radius  he  the  same  down  to  the  bottom;  and  the 
same  remark  applies  to  the  key-way.  In  consequence  of  this,  it 
i-  expedient  t"  draw  the  object  as  sectioned — fori  \ 
i!i.-  centre  line,  M  v — by  a  plane  parallel  to  the  projection.  Such 
a  section  is  represented  in  fig.  1' ;  and  from  it,  it  is  at  once  manifest 
that  the  central  eye  or  opening,  as  well  a<  the  key-way,  extend 

equally  throughout  the  depth  of  the  cylinder.     The  outli f 

.it-  i-  formed  by  the  verticals  drawn  through  the  pi. in;-. 
i. .  m\  n ,  ii ,  obtained  by  squaring  rrt  ar  the  corresponding  points, 

<;,  m,  n,  II,  in  the  plan.      This   view  also   shows   that  the   external 

grooves  ar rosl  thron  [houl  their  depth,  a-  indicated  by  the  ver 

i  m'.  i.',  i:',  r'      When  the  outlines  of  the  in- 

I.  rim   of  an    ■  :  and   simple,    thev  mav    he    indicated 

in  an  elevation,  inch  as  l  ■.  by  dotted  lines.     But  if  tl utlinee  are 

numerous   or   i    ■      '        •     ■  1  result    from 

this  method  ;   and  it  is  far  better,  in  inch  ease,  to  give  a 

That  portion  of  the  solid   ma-s  of  the   cylinder,  through  which 
1 d    plane   passes,  is   unhealed  in   fig.  1'.  by  a  flat-tinted 

-o  a-  to  distinguish  it  from  the  pans  which  the  plane 
docs  not  meet:  this  is  the  plan  generally  adopted  to  show  the 
I  ,,,.;:i.  is  varied 

according  to  the  nature  of  the  material.     Tim-,  for  oast-iron,  a 

darker  shade  is  used,  whilst  a  lighter  one  indicates  wood  or  stone  ; 

and  as  an  example  of  this  distinctive  use  of  various  di 

shade,  we  have  to  point  out  that  tho  sectioning  in  fig.  1',  indicates 


-'  corresponds 
to  cast-iron,  and  in  fig.  9  to  wood  or  masonry. 
1  in.  It  must  ... 

description  they   may  he,  are  always  inclined  at   an  angV 

with  the  base  line:  t  irom  flat 

tint-  fr.-ipi.  ntly  -  ew  that  one  surface  is 

less  prominent  I 

product  d  by  perpendicular  or '  line,  i  ,i ,  which 

the  base  of  the  internal  cylinder,  a  ■  n.  sh..ul.l  not  be 

a  shadow-line  equal  in  sir.  ngth  to  the  bases  of  tin  - 

for  the!  ■  prominent.     I  Mom  attended 

to  as  it  should  be;  -  r,  would 

result  if  it  w.re.     Ibis  remark  appliee  equally  to  all  projections 

•-,  of  which  one  portion  is  mure  prominent  than  anotJM  r. 

Thus,  in  figs.  1*,  2*,  3*.  the  vertical  lines  passing  through  r'  are 

nounoed  than  those  [Hissing  through  P  Q, 

and  lying  in  n  posterior  pi  me.     It  i-  the re  important  toobscrvc 

these  distinctions  in  re]  so  as  to 

le  a  comprehension  of  the  drawing 
ling  consideration  of  fig.  l  on  this  plati .  figs,  i  and  3, 
ting  ratchet  wheel-  and  Bated  cyiinders,  will  be  quite 

intelligible  to  the  student  ;  such  operation-  a- are  additional,  being 
rendered  quite  obvious  by  the  \ii  »-  t!u  in 


TIIK  ELEMENTS  OF  ABCHITECTUBE. 
PLATE  IV 
111.  Columns  of  the  different   orders  of  architecture  are  fre- 
quently employed  in  buildings,  and  also  in  mechanical  constructions, 

as  supports,  wdierc  it  is  di  dri  1 1 mbins  elegance  with  strength. 

The  ancient  orders  of  architecture  number  five  :"  as, 

1.  The  Tuscan. 

2.  Tli 

3.  The  Ionic. 

•1.  The  Corinthian. 

5.  The  Composite. 

th  order  is  sometimes  met  with,  denominated  the  Poastnm- 
Doric 

118,    F.ach   order   of  architecture   comprises   three    principal 
parte:  llio  jnntsstnf,  thi  I  the  ■  ..•  ■  Mot ■■.-,.     In  all  the 

orders,  the  pedestal  i-  a  third  of  the  length  of  the  shaft  in  height, 
ami  the  depth  of  the  entablature  is  a  fourth  of  the  shaft.    The 
proportion  between  the  diameter  and  height  of  the  ookrmn  varies 
in  each  order.     The  height  of  thi   Duaoan  column  is  set 
the  diameter  at  tha  lowest  part ;  tha  Doric,  eight  times  ;  tl 

nine    time-;    the    t 'orintliian    and    Composite,    ten    times.        Tho 

ith.     All  the  differ- 
ent part-,  in  the  various  ordi :  n  oportion  so  a  moduli, 

which  is  half  the  diameter  of  the  lower  part  of  the  colunin.      This 

module  maybe  termed,  the  unit  of  proportion,     it  is  divided 

•  \\.-  bsvs  adhered  lotheela  IBeauon  which,  from  being  of  mars  sneisnt 
date,  is  supported  by  sD|Mriav  sotboritj  ;  lint  ws  so  p  it  proftss,  iii  bUs  work,  to 

decide  which  carriea  more  reason  with  it.     Bsssan  frequently  runs  I 

ti  srcliitccts  My  there  are  only  three  orders  — tlie  tirst  c«»tn- 
prising  Ancient,  Modirn,  sad  Tuscan  Dtali  lin-ck,  ltoman,  and 

Mudern  Ionic ;  and  the  third,  Corinthian  and  Composite. 
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into  12  parts,  in  the  Tuscan  and  Doric  orders ;  and  into  18  parts, 
in  the  Ionic,  Corinthian,  and  Composite.  The  whole  height  of 
the  Tuscan  order  is  22  modules  2  parts,  apportioned  as  follows :  — 
The  column  is  14  modules ;  the  pedestal,  4  modules  8  parts ;  and 
the  entablature,  3  modules  6  parts.  The  whole  height  of  the 
Doric  order  is  25  modules  4  parts — the  column  being  1G  modules ; 
the  pedestal,  5  modules  4  parts ;  and  the  entablature,  4  modules. 
The  whole  height  of  the  Ionic  order  is  28  modules  9  parts — the 
pedestal,  6  modules ;  the  column,  18  modules ;  and  the  entablature, 
4  modules  9  parts.  The  whole  height  of  the  Corinthian  and 
Composite  orders  is  31  modules  12  parts — of  which  6  modules  12 
parts  form  the  pedestal,  20  modules  the  column,  and  5  modules 
the  entablature. 

As  we  do  not  propose  to  treat  especially  of  architecture,  we 
have  not  given  drawings  of  all  the  various  orders,  but  have  con- 
fined ourselves  to  the  Tuscan,  as  being  the  simplest,  as  well  as  the 
one  more  generally  adopted  in  the  construction  of  machinery. 
At  the  end  of  this  Chapter,  will  be  found  tables  of  the  dimensions 
of  the  various  components  of  the  Tuscan  order,  and  we  also  there 
give  a  similar  table  for  the  Doric  order. 

OUTLINE   OP    THE   TUSCAN   ORDEK. 

113.  The  whole  height  being  given,  as  mn,  the  proportions  of 
the  different  parts  may  always  be  determined.  Let  this  height 
be,  for  example,  4  metres  272  millimetres,  fig.  7.  First,  divide  it 
into  19  equal  parts,  then  take  4  such  parts  for  the  height  of  the 
pedestal,  12  for  that  of  the  column,  and  the  remaining  3  for  the 
entablature.  Then,  according  to  the  order  which  it  is  intended  to 
follow,  the  height,  m  n,  of  the  column,  is  divided  into  7,  8,  9,  or  10 
equal  parts,  and  the  diameter  of  the  lower  part  of  the  column  will 
be  equal  to  one  of  these  divisions  :  thus,  in  the  Tuscan  order,  the 
diameter,  a  b,  is  j  of  the  height,  m  n ;  the  half  of  this  diameter, 
or  the  radius  of  the  shaft,  is  the  unit  of  proportional  measurement, 
called  the  module,  and  with  which  all  the  components  of  the  order 
are  measured  :  it  follows  then,  that  in  the  Tuscan  order  this  mo- 
dule is  -j'r  of  the  height  of  the  column,  in  the  Doric  T^,  in  the 
Ionic  jLj,  and  ^  in  the  Corinthian  and  Composite. 

114.  The  three  members  of  an  order  are  each  subdivided  into 
three  divisions.  Thus  the  Pedestal  is  composed  of  the  Socle, 
or  lower  Plinth,  a  ;  of  the  Dado,  d  ;  and  Cornice,  c  :  the  column 
consists  of  the  Base,  or  Plinth,  d  ;  the  Shaft,  e  ;  and  the  Capital,  f  ; 
and  in  the  entablature  are  the  Architrave,  a  ;  the  Frieze,  H  ;  and 
the  Cornice,  I. 

115.  Before  proceeding  to  delineate  these  different  parts,  and 
the  mouldings  with  which  they  are  ornamented,  it  is  expedient  to 
set  off  a  scale  of  modules,  determined  in  the  manner  just  stated, 
the  module  being,  of  course,  subdivided  into  12  equal  parts. 

To  make  the  mouldings  and  various  details  more  intelligible, 
we  have  drawn  the  various  portions  of  the  order,  separately,  to  a 
larger  scale.  Thus  the  socle  and  pedestal  of  the  column  are  repre- 
sented in  elevation  in  fig.  2,  and  in  plan  in  fig.  3,  to  a  scale  2J  times 
that  of  the  complete  view,  fig.  1,  and  the  module  will,  of  course,  be 
proportionately  larger.  All  the  numbers  indicated  on  these  figures, 
give  the  exact  measurements  of  each  part  and  each  moulding,  so 
that  they  may  be  drawn  in  perfect  accordance  with  the  scale  given. 
It  conduces  considerably  to  the  symmetry  and  exactitude  of  the 


drawing,  to  set  off  all  the  measurements  from  the  axis  or  centre 
line,  c  d.  The  module  being  but  an  arbitrary  measurement,  it  is 
necessary,  in  practically  carrying  out  any  design,  to  ascertain  the 
different  measures  in  metres  and  parts  of  mitres ;  and  for  this 
reason  we  have  given  additional  scales  in  metres,  to  correspond  to 
those  in  modules  ;  and  we  have  also  expressed  in  millimetres,  on 
each  figure,  the  measurements  of  the  various  details,  placing  the 
metrical  in  juxtaposition  with  the  modular  ones.  And,  to  give  a 
distinct  idea  as  to  the  degrees  of  prominence  or  relief  of  the 
various  members,  a  part  of  the  elevation  is  shown  as  sectioned 
by  a  plane  passing  through  the  axis  of  the  shaft,  this  part  being 
sufficiently  distinguishable  from  the  sectional  flat-tinting.  In 
the  horizontal  projection,  fig.  3,  are  also  represented  portions  of 
sections  in  two  different  planes,  one  being  at  the  height  of  the 
line,  5 — 6,  and  the  other  at  that  of  7 — 8.  The  first  shows  that  the 
shaft  is  round,  as  well  as  the  fillet,/,  and  the  torus,  g,  whilst  the 
base,  h,  and  cornice,  i  j,  are  square  :  the  second  section  shows, 
in  a  similar  manner,  that  the  dado,  B,  the  socle,  A,  and  its  fillet,  /;, 
are  square.  The  flat-tintings  sufficiently  indicate  the  parts  in 
section. 

Fig.  4  represents  the  entablature  and  the  capital  of  the  column 
in  elevation  and  in  section.  Fig.  5  is  a  horizontal  section  of  the 
column  with  its  capital,  as  it  were  inverted,  and  is  supposed  to  be 
half  through  the  line,  1 — 2,  and  half  through  3 — 4.  The  whole 
is  what  is  termed  a  false  section,  the  parts  in  section  being  in 
parallel,  but  not  identical  planes.  The  different  measurements 
are  given  in  modules  and  metres,  as  in  the  other  figures ;  they 
indicate  the  respective  distances  from  the  axis,  c  d'. 

11G.  The  execution  of  this  design  offers  little  or  no  difficulty; 
but  all  the  operations  required,  as  well  as  the  parts  to  which  the 
measurements  apply,  are  carefully  indicated.  It  is,  therefore, 
unnecessary  to  enter  into  further  details,  except  as  far  as- relates 
to  such  parts  as  involve  some  peculiarity  ;  the  shaft  of  the  column, 
for  example,  and  one  or  two  of  the  mouldings. 

Referring,  in  the  first  place,  to  the  column,  it  is  to  be  observed 
that  it  is  customary  to  make  the  shaft  cylindrical  for  one-third  of 
the  height,  that  is,  of  equal  diameter  throughout  that  extent : 
above  that  point,  however,  it  diminishes  gradually  in  diameter  up 
to  the  capital.  This  taper  is  not  regular  throughout,  being 
scarcely  perceptible  at  the  lower  part,  and  becoming  more  and 
more  convergent  towards  the  top.  Its  contour  is  consequently  a 
curve,  instead  of  a  straight  line.  This  curvature  constitutes  what 
is  termed  the  entasis,  and  is  employed  to  correct  the  apparent 
narrowness  of  a  rectilinear  column  at  the  middle.  Such  defective 
appearance  only  takes  place  when  the  cylindrical  piece,  or  column, 
is  between  a  pedestal  and  an  entablature  having  plane  surfaces. 
A  cylinder,  or  sphere,  always  seems  to  occupy  less  space  than  a 
plane  surface  equal  to  its  greatest  section.  Thus  the  outline  of  a 
cylinder,  or  sphere,  appears  to  grow  less  when  it  is  shaded.  Now, 
where  the  column  is  in  contact  with  the  plane  surface  of  the  pe- 
destal or  entablature,  it  cannot  appear  less  in  proportion,  the 
proximity  of  the  latter  correcting  such  appearance,  whilst  the 
influence  is  less  felt  at  the  central  part,  which  is  furthest  from  the 
pedestal  and  entablature.  A  true  cylinder,  therefore,  in  such 
position,  appears  to  be  thinner  at  the  middle,  and  this  is  corrected 
by  the  entasis,  or  curved  contour. 


BO 
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ltut  many  authorities  consider  this  a  fs -•  .  and   it 

irly  in  d  aligning  abort  thick 
columns  for  machinery,  and  also  win  r.  inc  U  reached, 

•lumns  become  mere  rods. 
\'.  Bad  tlie  BM  i  Bai  i!  aafioaut,  is,  more--. 

dug-rods  of  all  deei  i 
this  oonresity, and  inoroaaed  width  in  the  middle 
part,  in  such  oa  and  rigidity,  whilst  it 

•    the  beaalj  of  Conn. 

niiine  the  mii'Miiit  of  the  entasis   in  the  Tuscan  column, 

■  ■   line,  r,i,  fig.  8,  which  roproannli  Iwn  Ihlrdi  Ihi 
of  the  abaft,  into  any  number  of  equal  pans,  say  six.    With  the 
point,  it.  ai  centre,  and  a  ra .  da,  draw 

an  arc  of  a  circle  ;  nest,  having  mad  •• 'Jj  parts,  draw 

parallel  to  the  a\i-,  .</',  thi-   paiallal  will 

cut  the  arc  in  the  point,  x\  divide  the  arc.cr,  into  six  equal  pans, 

am    than  throogfa  thl    ,  \-e.,  thus  obtained,  draw  par- 

I  the  boricontal 
tines  drawn  through  the  divisions,  v.  r,  t,  t,  of  the  axis,  roe] 
in  the  p  tints,  l .  J  . .'; ,  d    .  and  through  these  v.  ill  past  the  re- 

quired  curve,  fonning  the  contour  of  the  shaft,    This  cur\  I 
symmetrically  reproduced  on  the  opposite  hide  of  the  axis,  c  </,  will 
complete  the  outline  of  the  shaft. 

In  the  entablature  ami   pedestal  will   I  I  two  similar 

mouldings,  termed  rymtiliu  ;  they  are   both  exampl 

hi  peculiarities 

construction,  will  be  easily  understood  from  the  enlarged 
•  A.    ThegtM  I  accompanying  minor  mould- 

longing  to  the  capital  and  entablstun  i]  presented 

.  and  on  ■  largi  t  Male,  in  figs.  9  and  10. 


l;i  \.l<  AND  PRA.I  I1CAL  DATA. 

Tin:   mi  \-l  i:i  HI  NT  OP  sot. IPS. 
117.  We  have  already  seen  that  the  volume  or  solidity  of  a  body, 
rxent  of  ipsce  embraced  by  its  throe  dimensiona — length, 


width,  and  height;  the  last  oft  •         I  depth, 

or   thickness.      The  volume  of  a  solid  is   determined   w: 

I  'iilains, 
which  it  adopt,  d  as  the  unit  of  the  mcasurvnici,'. 
a  unit  is  the  a  -i  as  a  square  metre  is  amp] 

measure  surface,  and  a  linear  n 

the  cubic  d. 
the  oobi  md   the  cubic   millimetre.      The   r. 

the  linear   subdivisions  will  be   obvious   from   the 
following   coin  |  . 

Wlol-t   1  metre  =  1  =  1000 

milliui.  - 

l  Cubic  metro  =  (10d-  x  10*  x  10"  =)  1000  cubic  deeJ 

metres  =  (100 c  X  1<KJC   X  100°-  =  )  1,00 " 

=  (1000"/.  X  1000-/-  *  1000-/.=)  l,000,000,0t«' 

millimetn  tly,  I  cubic  decimetre  =  -001  or  y^ 

metre,  the  cubic  centimetre  =  -0000001  or  -itrndiroo'  cubic  metre. 
Similarly,  we  measure  volume  by  I  i  .  or  inches,  just 

i  length  by  lit 
and  inches.      A  cubic  foot  is  g^  of  a  cubic  yard.  ; 

1  cubic  foot  =  il  yard  X  I  yard  X  l  yard  =  g'-   yard  : 
and  an  inch,  or 

t\i  foot  X  iV  foot  X  -fa  foot  =  tt',b  foot. 
1 19.   Partlfli  '  /  ,,■••/.-.— The  volume  of  a  |  I  is  equal 

to  the  prodnd  of  its  base  multiplied  into  it*  height. 

/  I  .  •      .  PL  7.     Lei  A  l'  -    I  Feet,  n:      l  I  •    -. 

and  I'll  =  II  feet  Then  the  base  =  H  X  14=  1-98,  and 
L*96  x  8  =  8*92  cubic  Em 1 1  d>  more  simply,  l  4  X  1-4  X  2  = 
8*92  o.  ft.     A  i  ■.''■•   itself,  having  all  it-  |ual — its 

rolnme  is  expressed  by  the  third  power  of  the  measure  of  one  of 
;  thai    La,  by  the   product   of  one  side  three   times  into 

Thus  the  cube,  fig.  A,  of   which  one  side  measures,  say  T4 

otainsl-4  x  M  X  l*4,or  l-4*=  9-744 onbii  I 
In  general,  the  volumo  of  a  right  prism,  whatever  be  its  base,  is 
equal  to  the  product  of  the  base  into  the  hi 


T.UH.t  01  BURFACBB,    SMS   rOLUMBS  Of   &BOULAB  POLTBSDsU. 

Nmnrn  or  BlUtl.                            Nam.  SetrACl.  \ 

1    Tetrahedron 1*7820608   1 17>-.. l.> 

8  Hexahedron,  or  Cube 8-0000000  1-0000000 

8  Octahedron 8-4641018  -4714048 

12  Dodecahedron 20-6467788  

[ooaabsdron b'-GGoUolo  2-1816960 


\ illume  of  a  polygonal  pyramid  li  equal 

t'.  it-  base  multiplied  into  a  third  of  it-  height. 

I  Let  80  '_•  indies,  A  It  and  A  D  each  = 

iti  of  the  pyramid  are — 

II  x  1-4  x  2 

5 =  1-30CG  cubic  mi 

Thus  the  rolnme  of  a  pyramid  is  one  third  of  thai  of  a  right 
prism,  having  an  equal  base,  and  being  of  the  same 
The  rolnme  of  a  truncated  pyramid,  with  parallel  bases,  is 


equal  to  the  produd  of  a  thii  I  t,  Into  the  sum  of  the 

li  I  to  the  square  root  of  their  product. 
Thus,  If  V  represent  tin    rolnme  of  a  truncated  pyramid,  of 
which  the  height,  H,     3  feet,  the  lot   rb       B       I  tqnarofaet, 

:,  it ,  ■  l  iqoaro  fat  t :  we  h  i 

V  -  .,  x  (B  +  li  +  v  B  It ')  = 
:t  

—  X  ( C  s.  f.  +  4  s.  f.  +  V  G  X  4  )  =  14-898  sq.  f 
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In  practice,  when  there  is  little  difference  between  the  areas  of 
the  bases,  a  close  approximation  to  the  volume  is  obtained  by 
taking  the  half  of  the  sum  of  the  bases,  multiplied  into  the 
height.     Thus,  with  the  preceding  data,  we  have 


HX    (i±5!)    =15  sq.ft. 


121.  Cylinders. — The  cubic  contents  of  any  cylinder,  as  fig.  1, 
is  equal  to  the  product  of  the  base  into  the  height.  Thus,  in  the 
case  of  a  cylinder  of  a  circular  base,  we  have  B  =  ir  R2  (72);* 
consequently,  the  volume,  V,  =  9  R2  X  H. 

First  Example. — What  is  the  volume  of  a  cast-iron  cylinder, 
of  which  the  radius,  R,  =  20  inches,  and  the  length,  H,  =  108 
inches  ? 

V  =  3-1416  X  202  X  108  =  135,717  cubic  inches. 
The  volume  may  also  be  derived  from  the  diameter  of  the  cylin- 
der, in  which  case  we  have — 

irV>2 
V  =  — —  X  H;  or, 

4 

V  =  -7854  X  40=  X  108  =  135,717  cubic  in. 
The  convex  surface  of  a  right  cylinder,  when  developed,  is  equal 
to  the  area  of  a  rectangle,  having  for  base  the  rectilinear  develop- 
ment of  the  circumference,  and  for  height  that  of  the  cylinder. 
It  is  therefore  obtained  by  multiplying  the  circumference  into 
the  height  or  length.     With  the  data  of  the  preceding  case,  the 
convex  surface  is  expressed  by  the  formula — 
S  =  2ffKxH,  or  crD  X  H  =  3-1416  X  40  X  108  = 
13,571-7  cubic  inches. 
The  volume  of  a  hollow  cylinder  is  equal  to  the  difference  between 
that  of  a  solid  cylinder  of  the  same  external  radius,  and  that  of 
one  whose  radius  is  equal  to  the  internal  radius  of  the  hollow 
cylinder.     Or,  it  is  equal  to  the  product  of  the  sectional  area  into 
the  height,  such  area  being  equal  to  the  difference  between  two 
circles  of  the  external  and  internal  radius,  respectively. 

Example. — It  is  required  to  find  the  volume,  V,  and  the  internal 
surface,  S',  of  a  steam-engine  cylinder,  including  its  top  and  bottom 
flanges  in  the  volume.  Let  the  following  be  the  dimensions : — 
External  diameter,  D,  =  56  inches  ;  internal  diameter,  D',  =  50 
inches;  length  or  height,  H,  =  120  inches;  external  projection 
of  the  flanges,  F,  =  5  inches,  and  their  thickness,  E,  =  4  inches. 
Then,  for  the  internal  surface,  we  have — 

S'  =  3-1416  X  50  X  120  =  18,850  sq.  in. 
For  the  volume  of  the  body  of  the  cylinder,  we  have — 

t562       *502 
V  =  — —  X  120  =  (-7854  X  56 2)  —  (-7854  X  502)  X 

120  =  60,000  cubic  inches. 

And  for  the  additional  volume  of  the  flanges — 

ir  (56  +  10)2  _  ff56_2 

~4  4~ 

(-7854  X  562)  X  8  =  7666  cubic  inches. 

Whence  the  whole  volume — 

V  +  V"  =  67,666  cubic  inches. 


*  When  we  wish  to  refer  the  student  to  any  rule  or  principle  already  given, 
we  do  so  by  means  of  the  number  of  the  paragraph  containing  such  rule  of 
principle.     In  the  present  instance,  what  is  referred  to  will  be  found  at  page  20. 


V"  = 


X  4  X  2  =  (-7854  x  66*)  — 


122.  Cones. — The  cubic  content  of  a  cone  is  equal  to  the  pro- 
duct of  its  base  into  a  third  of  its  height ;  or, 

V  =  BXH 

In  the  right  cone,  fig.  &,  of  which  the  base  is  circular — 
H 


V  =  iE!X 


tD3      h 


and  as  ir,  or  3-1416  -5-  (4  X  3)  =  -2618,  the  formula  resolves 
itself  into — 

V—  -2618  X  D2  X  H. 

Example. — What  is  the  volume  of  a  right  cone,  of  which  the 
height,  H,  =  24  inches,  and  the  diameter  of  the  base,  or  D,  = 
17  inches? 

We  have — 

V  =  -2618  X  172  X  24  =  1816  cubic  inches. 

As  we  shall  demonstrate,  at  a  more  advanced  stage,  the 
development  of  the  convex  surface  of  a  right  cone  is  equal  to  the 
sector  of  a  circle,  of  which  the  radius  is  the  generatrix,  and  the 
arc  the  circumference  of  the  base  of  the  cone — consequently,  the 
conical  surface  is  equal  to  the  product  of  the  circumference  of 
the  base  into  the  half  of  the  generatrix :  whence  is  derived  the 
following  formula : — 

S  =  2crRX-|  =  <rRXG. 

With  the  data  of  the  foregoing  example,  and  allowing  the 
generatrix  to  be  equal  to  25A  inches,  we  have  — 

S  —  3-1416  X  8-5  X25-5  =  681  cubic  inches. 

123.  Frustum  of  a  cone. — The  volume  of  the  frustum  of  a  cone 
may  be  obtained  in  the  same  manner  as  that  of  the  truncated 
pyramid  (120).  The  convex  surface  of  a  truncated  cone  is  equal 
to  the  product  of  half  the  generatrix  of  the  frustum  into  the  sum 
of  the  circumferences  of  the  bases,  and  is  expressed  in  the  follow- 
ing formula : — 

S  =  -  X  2cr  (R  +  R')  =  L  X  ir  (R  +  R'). 

Example. — Let  the  length,  L,  of  the  generatrix  of  the  conic 
frustum,  =  14  inches;  the  radius,  R,  of  the  lower  base,  =  8-5 
inches  ;  the  radius,  R',  of  the  upper  base,  =  3-8  inches;  then  the 
convex  surface — 

S  =  14  X  31416  X  (8-5  +  3-8)  =  54  square  inches. 

124.  Sphere. — The  volume  of  a  sphere  may  be  ascertained  as 
soon  as  its  radius  is  known.  Its  surface  is  equal  to  four  times 
that  of  a  circle  of  equal  diameter.  This  is  expressed  by  the 
formula — ■ 

S  =  4cr  R2  =  v  D2  =  3-1416  X  D2, 

or  the  square  of  the  diameter  multiplied  by  3-1416. 

The  volume  is  equal  to  the  product  of  the  surface  into  one-third 
of  the  radius,  as  in  the  formula — ■ 

R       4 
V  =  4t  R2  X  -w=-~  X  ir  Rs,  or  V  =  4-188  X  R3; 

or,  if  we  employ  the  diametral  ratio — 

V  =  ir  D2  X  2.  =  .5236  X  D5. 

6 
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Example. — We  would  know  what  U  the  surface  and  tin  l 
of  a  sphere,  of  which  the  diameter  measures  25  inches. 
The  surface — 

B  as  J5'  X  3141G  =  1968-6  sq.  inches. 
The  volume — 

V  =  -523G  X  25'  =  8181-25  cubic  inches. 
To  Bad  tin-  radius  or  diameter  of  a  sphere,  of  which  the  volume 
is  known,  it  is  sufficient  to  invert  tin-  preceding  operations,  the 
formulas  becoming  as  follows — 

»V  V 

—  4188 ; 
V_" 
188' 


whence, 
Similarly, 


R'=— -  = 


i-vVJ 

V  41 


•523G ' 


whence, 


D-V/X 

V  •6-3C 


which,  with  the  preceding  data,  gives  R  =  125  inches,  and  D  = 
25  inches. 

The  radius  is  derived  from  the  surface  by  means  of  the  follow- 
ing formula : — 

S 


whence, 


whence, 

125    >,  '     '■'  trrtort,  srgmrntt,  and  zones. — The  surface  of  a 
tone  or  spberi  the  product  of  the  circum- 

l  tha  inhere,  into  the  height  of  the  zone  or 
I  i  or, 

S  =  2tK  X  11. 
/       .'..—The  bright,  H,  of  a  spheric  segment   being   l  5 
■ad  the  radius,  K.  of  the  sphere,  7-6  inches,  the  surface — 
S  =  2  X  8-1416  X  7  5  X  1-8  =  70G8G  sq.  inches. 
lame  of  a  spheric  M-ctor  is  equal  to  the  product  oftheanr- 
rical  base,  into  one-third  the  radio*  of  the  sphere 
of  which  it  b  a  ; 

rtnola  is  therefore — 

V  =  2tR  X  II  X  y=  -^-  c  X  R'  H  =  2004  X  R!  X  II. 

/         I*.— The  routine  of  the  tpheric  lector,  whoae  spheric 
base  is  equal  to  the  surface  considered  in  the  previous  example,  is — 

V  =  2  004  X  7  .V  X  15  =  17CC8  cubic  inches. 
The  fotnme  hi"  a  spheric  segment  is  equal  to  the  product  of 
tho  are  :   which  the  chord  is  radius,  into  one-sixth 

of  the  height  of  the  segment  ;  or, 


Example.— Let  r  =  C  5  inches,  and  II  15  inches;  I 
volume— 

V  =  -529G  X  6  5*  X  15  =  33  56  cubic  inches. 

The  volume  of  a  spheric  ungula  is  equal  to  the  product  of  the 
gore,  which  is  its  base,  into  a  third  of  the  radius. 

The  formula  is — 

V  =  I  A  x  R'; 
3 

where  A  ss  the  area  of  the  gore. 

The  volume  of  a  ionic  segment  is  equal  to  half  the  sum  of 

its  bases,  multiplied  by  its  I  tha  volume  of  .. 

of  which  that  height  is  the  diameter  ;  whence  the  formula — 


+  -  !:  : 


=  ( 


)    XH  + 


•11' 


V  =  *  r1  X   —  =  -52'JG  X  r' 
6 


II. 


12G.   '  The  volumes  of  spheres  are   proportional 

to  the  cubes  of  their  radii,  or  diameters.  Let  V  ss  14137 
cubic  inches,  and  r=4188  cubic  inches.  It  will  be  found 
that  t!  r.ulii   art — 

l*/~V"  \      1TT37 

R=  \/4T88=    \       ,      |-»l 

^       r=  \   fi88=  V"SS=,! 

and,  consequently,  U  =  3  and  d  ss  8, 

Hie  cubes  of  thaae  naonbera,  that  i~.27  and  8,  have  the  aame 
ratio  to  each  other  as  the  volumes  given ;  that  is  to  say — 

87:8::  141.(7 :  4188. 

When  of  equal  height,  cylinders  arc  to  each  other,  as  well  as 
cones,  as  the  squares  of  the  radii  of  their  bases. 

When  of   equal    diameter,  these  solids  are  to  each  other  as 
their  heights. 

First,  then,  we  have — 

V=rli'X  H.  and  r  =  *  r3  X  II ; 

whence, 

V  •  v  :  :  R' :  r3 

And,  secondly. 

V  =  tK'X  II.andt=TR'x  h\ 
whence, 

V:r  ::  II  : /,. 

The  volume  ofa  sphere  i-  to  thai  of  the  circumscribed  cylinder 
as  2  to  3.  A  sphere  is  said  to  be  inscribed  in  a  cylinder,  when 
its  diameti  r  b  equal  tO  the  height  and  dianiet.  r  of  tha  ivlinder. 
The  volume  of  an  annular  torus,  or  ring,  is  equal  to  the  product 
BOD  into  the  mean  circun.f  ■■•■•.  \\ .  bam 
out  (90)  that  an  annular  tonis  is  a  solid,  generated  by  the  n  v.lu- 
tion  of  a  circle  ebon!  an  »vi-.  situated  in  the  plane  of  the  circle, 
and  at  right  I  tioJL 

•  I  e  tin ■  ra aha  ■  lag  circle,  and  r  the  distance 

of  its  centre  from  the  n\\>,  we  luivc — 

Vs=«rB*X8rras  19-78  R'  X  r. 
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PROPORTIONAL  MEASUREMENTS  OF  THE  VARIOUS  PARTS  OF  AN  ENTIRE  ORDER. 
THE     (MODERN)     DORIC     ORDER. 


Cornice,. 


Reglet 

Cavetto, ... 
Fillet, 

Cymatium, 


Corona,... 
Fillet,.... 
Mutules, . 
Guttse, ... 
Fillet, 


Cymatium, 

Capitals  of  the  Triglyphs, 


Frieze, 

.  f  Taenia, 

Architrave,-;  „    . 

'  (^  Facia, . 


Amount  of 
Projection 

from  the  Axi; 

of  the  Shaft. 


2  10 
2    7 


61 

6 

5 

41 
2 

11 
3 
1 

01 
HI 

11 


Hi 
10 


1  1 

3 

1 

11 

4 

* 

[   1 

6 

1 

21 

i 

■  4    0 

2 

2 

1     6 

1 

6 

2 
10 

r« 

0 

Projection 

from  the 

Axis  of  the 

Shaft. 


2-833 

2-583 
2-542 
2-500 
2-417 
2-375 
2-1G7 
2125 
1-250 
1083 
1-042 
•959 
•917 

•833 

•959 
833 


•083  ] 

•250 

•042 

•125 

•333 
•042 
•042 
■209 
•042 

•106 

•1G6 

1-500 

•167 
•833 


1-500 


y  4-ooo 


1-500 
1-000 


'Reglet, 

Cymatium, 

Abacus, .... 
Echinus,... 


Three  Annulets,. 
Necking,  


(Beading or  Astragal, 
Cincture,  
Shaft  Proper,  


("Fillet,  ... 

Base 1  Beading, 

Torus,  ... 
|_  Plinth, ... 


1  1} 

"I 

101 
10 

1  0 

111 

10 
1  0 

1  11 

1  2 
1  5 
1  5 


4    l  ° 

}  * 

4 

•>      *  s-1 

j-13  101 


16  0 


1292 
1-271 
1-188 
1167 
1146 
•959 
•875 
■833 

1000 
■959 
.833 

1000 

1104 
1167 
1-417 
1417 


•042  1 
•083 


•209 
•209 

-     -124 

•333 

•083 
■042 

-13-875 

•083 
■083 
■334 
•500 


y  i-ooo 


■  16-000 


1-000 


C'ORXICE,. 


'Reglet 

Quarter- Round,. 

Fillet 

Corona, 

Cymatium, 


£    -j  Dado,. 


1  11 

1  log 

1  9§ 

1  9 

1  61 

1  51 

1    5 


Base,., 


Fillet 

Beading, 

Cyma  Reversa, 

Plinth 

[  Sub-Plinth  or  Socle,. 


4    0 

1 
1 

2 

2J 
4 


*1 
1 

i 

21 

6 

Hj 

0 

4    0 

5    4 


1-917 
1-889 
1-806 
1750 
1-542 
1-459 

1417 

1-500 
1-583 
1-583 
1-708 
1-750 
1-792 


■042 
■083 
■042 
•209 

■124 


•500 


4-000       4-000 

■042  "I 
•083  I 

■166  L  8-333 


•209 
•333 


5-333 


Total  height  of  the  Order, . 


,25     4 


.  25-333 


M 
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PROPORTIONAL  MEASUREMENTS  OP  THE  VARIOUS  PARTB  OP  AN  ENTIRE  ORDER. 

I    II   I        1  >KDES. 


iv. ■.-.»•.!  m  f  !>,-  Mask  -  ••  I  m  i  Bap 

oojutltuUns  lh»  Order . 


a 

Q 

_: 
- 


Qiurter-Kiiiiii'l 

Bnading 



1,-irini.  r 

Fillet 

I'ymatium, 


t  I.i-i.  I. 




rVbtCDI 

Echinus,  >>r  Quarter-Round,. 

Fillet 

Necking 


Shaft  Proper, 


{':n_-, ... 
Cincture, ... 


T"ru<.. 
Plinth,. 


i 

of  tlif  Ml  lit. 


Dado, 


I         I    ! 

jCymaiium.. 


I  I     •  '     

p         (8ocle  or  Plinth,. 


M  of  the  Order,. 


2  3) 

J  " 

1  11J 

1  lOj 

1  71 

•1  U 

10 

9J 

ll| 


l 

1     11 

1     1 

11 
10i 

1     0 
1     U 

i  a 


1     8 
1     5 

1      41 


; 

l 

i 

6 

■    1    4 

1 

4 

•    3   G 

1      2    1     1    2 

»' !- ' ». 

1 11    ioi 


£  1 12  0  J-  14  0 


1    0 


3      8    I    3    8  J.    4 


■_•_•  8 


Km     -nt-f 
(.-    ni  III.- 


1-875 

i  ias 

•833 
■792 


1-126 

•017 

•876 

■::>■> 

1-000 

1  -12.-. 
1  876 


1-709 

l  667 

1  117 

l  576 

l  542 
i  709 


ii«  pat 


•333  1 

1 

•083 

,    1-333 

•333 

11C7 

1  167 

1000 

.   8-600 


•083] 
•250 

1000 

•334  J 


083 
-042 

11-875 


12 


J 

•083) 

■117  '-  1-000 
•500  ) 


I440Q 


■m-j 

I     -333  r 


■600 


8-667 


22167 


With  tli.-  li.  1|.  of  these  tallies  we  OU 
measurement   (at  any  member  or  moulding,   in  bet,  inches,  or 
mitres,  when  tho  height  of  the  whole  order  is  given.     Por  this 


•  When  two  mcaiuromcntt  »rc  given,  tho  firit  »|'|ilici  to  Ills  upper  por- 
tion, tho  second  to  the  lower. 


purpose  t!  i  niii'-t  be  divided  by  the  decimal  pweinre- 

ment  m die  tab!  .  the  quotient  ii  '!;■ 

measurement  of  the  moduli  proportioned  to  inch  height.     Thin 
in*  required  member  i-  (bund  bj  multiplying  this  module 
into  the  daebnai  in  i  ponding  to  mob  member. 

Finl  Example. — It  is  required  to  know  what  is  tho  diameter  of 
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the  lower  part  of  the  shaft  according  to  the  Tuscan  order,  the 

height  of  the  entire  order  being  15  feet. 

The  height  of  the  entire  order  being  22-167  when  the  module 

22167 
=  1,  we  have —nr-  =1-4778  the  module,  and  1-4778X2=2-9556 
15 

feet,  the  diameter  of  the  lower  part  of  the  shaft. 


Second  Example.— What  is  the  height  of  the  socle  or  lower 
plinth  according  to  the  Tuscan  order,  supposing  the  module  to  be 
1-4778  feet  ?     We  have  1-4778  X  '417  =  -616. 

In  like  manner  the  dimensions  of  all  the  other  details  may  be 
easily  determined  according  to  the  Tuscan  or  Doric  order. 


CHAPTER  III. 


ON  COLOUKING  SECTIONS,  WITH  APPLICATIONS. 


CONVENTIONAL  COLOURS. 


127.  Hitherto  we  have  indicated  the  sectional  portions  of 
objects  by  means  of  linear  flat-tinting.  This  is  a  very  tedious 
process,  whilst  it  demands  a  large  amount  of  artistic  skill — only 
obtainable  by  long  practice — to  enable  the  draughtsman  to  pro 
duce  pleasing  and  regular  effects ;  and  although,  by  varying  the 
strength  or  closeness  of  the  lines,  as  we  have  already  pointed  out, 
it  is  possible  to  express  approximately  the  nature  of  the  material, 
yet  the  extent  of  such  variation  is  extremely  limited,  and  the  dis- 
tinction it  gives  is  not  sufficiently  intelligible  for  all  purposes.  If, 
however,  in  place  of  such  line  sectioning,  we  substitute  colours 
laid  on  with  the  brush,  we  at  once  obtain  a  means  of  rapidly  tint- 
ing the  sectional  parts  of  an  object,  and  also  of  distinctly  pointing 
out  the  nature  of  the  materials  of  which  it  is  composed,  however 
numerous  and  varied  such  materials  may  be.  Such  colours  are 
generally  adopted  in  geometrical  drawings ;  they  are  conventional 
— that  is,  certain  colours  are  generally  understood  to  indicate  par- 
ticular materials. 

In  Plate  X.  we  give  examples  of  the  principal  materials  in  use, 
with  their  several  distinctive  colours;  such  as  stone  and  brick,  steel 
and  cast-iron,  copper  and  brass,  wood  and  leather.  We  propose 
now  to  enter  into  some  details  of  the  composition  of  the  various 
colours  given  in  this  plate. 


THE  COMPOSITION  OR  MIXTURE  OF  COLOURS. 
PLATE  X. 

128.  Stone. — Fig.  1.  This  material  is  represented  by  a  light  dull 
yellow,  which  is  obtained  from  Roman  ochre,  with  a  trifling  addi- 
tion of  China  ink. 

129.  Brick.— Fig.  2.  A  light  red  is  employed  for  this  material, 
and  may  be  obtained  from  vermilion,  which  may  sometimes  be 
brightened  by  the  addition  of  a  little  carmine.  A  pigment  found 
in  most  colour-boxes,  and  termed  Light  Red,  may  also  be  used  when 
great  purity  and  brightness  of  tint  is  not  wanted.  If  it  is  desired 
to  distinguish  firebrick  from  the  ordinary  kind,  since  the  former  is 
lighter  in  colour  and  inclined  to  yellow,  some  gamboge  must  be 
mixed  with  the  vermilion,  the  whole  being  laid  on  more  faintly. 
In  external  views  it  is  customary  to  indicate  the  outlines  of  the 
individual  bricks,  but  in  the  section  of  a  mass  of  brickwork  this 
refinement  may  be  dispensed  with,  except  in  cases  where  it  is  in- 


tended to  show  the  disposition  or  method  of  building  up .  Thus,  in 
furnaces,  as  also  in  other  structures,  the  strength  depends  greatly  on 
the  method  of  laying  the  bricks.  When  vermilion  is  used  in  com- 
bination with  other  colours,  the  colour  should  be  constantly  mixe  d 
up  by  the  brush — as,  from  its  greater  weight,  the  vermilion  has  a 
tendency  to  sink  and  separate  itself  from  the  others  ;  and  if  this 
is  overlooked,  a  varying  tint  of  unpleasing  effect  will  be  imparted 
to  the  object  coloured. 

130.  Steel  or  Wrought  Iron.— Fig.  3.  The  colour  by  which  these 
metals  are  expressed  is  obtained  from  pure  Prussian  blue  laid  on 
light — being  lighter  and  perhaps  brighter  for  steel  than  for  wrought- 
iron.  The  Prussian  blue  generally  met  with  in  cakes  has  a  con- 
siderable inclination  to  a  greenish  hue,  arising  from  the  gum  with 
which  it  is  made  up.  This  defect  may  be  considerably  amended 
by  the  addition  of  a  little  carmine  or  crimson  lake — the  proper 
proportion  depending  on  the  taste  of  the  artist. 

131.  Cast-Iron. — Indigo  is  the  colour  employed  for  this  metal ; 
the  addition  of  a  little  carmine  improves  it.  The  colours  termed 
Neutral  Tint,  or  Payne's  Gray,  are  frequently  used  in  place  of  the 
above,  and  need  no  further  mixture.  They  are  not,  however,  so 
easy  to  work  with,  and  do  not  produce  so  equable  a  tint. 

132.  Lead  and  Tin  are  represented  by  similar  means,  the 
colour  being  rendered  more  dull  and  gray  by  the  addition  of  China 
ink  and  carmine  or  lake. 

133.  Copper. — Fig.  5.  For  this  metal,  pure  carmine  or  crimson 
lake  is  proper.  A  more  exact  imitation  of  the  reality  may  be  ob- 
tained by  the  mixture,  with  either  of  these  colours,  of  a  little  China 
ink  or  burnt  sienna — the  carmine  or  lake,  of  course,  considerably 
predominating. 

134.  Brass  or  Bronze. — Fig.  6.  These  are  expressed  by  an  orange 
colour,  the  former  being  the  brighter  of  the  two ;  burnt  Roman 
ochre  is  the  simplest  pigment  for  producing  this  colour.  Where, 
however,  a  very  bright  tint  is  desired,  a  mixture  should  be  made 
of  gamboge  with  a  little  vermilion — care  being  taken  to  keep  it 
constantly  agitated,  as  before  recommended.  Many  draughtsmen 
use  simple  gamboge  or  other  yellow. 

135.  Wood. — Fig.  7.  It  will  be  observable,  from  preceding 
examples,  that  the  tints  have  been  chosen  with  reference  to  the 
actual  colours  of  the  materials  which  they  are  intended  to  express — 
carrying  out  the  same  principle,  we  should  have  a  very  wide  range 
in  the  case  of  wood.     The  colour  generally  used,  however,  is 
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burnt  umber  or  raw  sienna;  but  the  depth  or  Strength  with  wliicli 
it  U  laid  oo,  may  be  It  it  umi.i1  to  apply 

a  light  ..'raining    with  a 

darker  tint,  or  perhaps  with  burnt  sienna.     These  points  arc  sus- 
ceptible of  great   variation,   ami  Very  much  must   be  Kit  to  thai 
t'  the  arti-t. 

I 

Fig.  8.  ThoM  »re  all  repnooDtad  by  nrj  similar  tint-. 

by  light,  and  iruttn  pareha  by  dirk  wpia,  whilst  \ 

robber  reqnirei  the  addition  ot'n  little  indigo  to  that  colour. 

y  hi  re  remark,  tliat  if  the  student  is  unwilling  to  obtain 
..;  1 1 i 1 1 1 - » ■  1  f  with 
Ine,  a  yellow,  and  ■  red — nay  Praaaian  hi  i 

ind  crimson  lake.     With  these  three,  after  a  little 
experimental  practice,  he  may  produce  all  the  *ariotn  tint*  be 
.'lines*  and  facility  than  if  hie 
assortment  \\.  r.   1  ugi  r. 

187.  TV  Mampul  rs.-  We  have  Man  by  what 

tint  may  be  obtained,  and  we  shall  | 

a  few  bints  r.lative  to  their  application.     It  maybe  imagined  thai 

.it.-rtu  colour  a  geometrical  drawing  -that  is,  simply 

to  lay  on  the  colours;   but  a  little   attention  to  the  following 

tioni  will  do!  be  misplaced,  a*  the  itndent  may  thereby  al 

,  lire  that  method  which  conduces  so  much  to  regularity 

and  which  it  might  otherwise  require  some 

practice  to  teach. 

The  c  ike  of  colour  should  never  be  dipped  in  the  water,  as  this 
.rack   and   crumble   off,    wasting    consider- 
able quantities.      Instead  of  this,  a  few  drops  of  water  should 
be  tir.-t  put  in  the  sani  plate,  and  then  the  required 

quantity  of  colour  rubbed  down,  the  cake  being  wetted  as  little  as 
is  absolutely  necessary.  The  .-tr.  ugth  or  depth  of  the  colour  is 
obtained  by  proportioning  the  quantity  of  water,  the  whole  being 
well  mixed,  to  make  the  tint  and  shale  equable  throughout. 
Where  large  surfaces  have  to  bo  covered  by  one  shade,  which  it 
is  desired  to  make  a  perl  otlyeven  Bat  tint,  it  is  well  to  produce 
tie-  re, |.  petition  of  very  light  washes.    These 

and  altogether  produce  a  soft 
and  pleasing  efl  hould  generally  be  employed 

by  the  beginner,  as  he  will  thereby  more  rapidly  obtain  thi 

ible  flat  tints.     The  washes  should  nol  be  applied 

.  fa  preceding  one  i-  perfectly  dry.     When  the  drawing- 

i    j     :    !!.    |      i.  or  does  not  take  the  colour  well, 

its  whole  surface  should  re  I81VB  I  wash  of  water,   in  which  a  v.  ry 
small  quantity  of  gum-arabica  or  alum  has  been  dissolved,      in 
ilonr,  care  should  be  taken  nol  to  fill 
h  too  full.  win'.  time,  it  most  be  n  pi 

di  irly  expended,  to  avoid  the  difference  in 
tint  which  would  otherwise  result,     it  ii  al  o  m  <-  ary  first  to 

try  the  colour  on  a  separate  piece  of  pap.  r.  !■•  DC  sure  that  it  will 
i    affect.       It   is   a   very  common   habit    with 

the  brush,   and    tal B  any  super- 

1      ;  it  between  their  lips.      This  is  a  very 

habit,    and   should    be    altogether  shunned. 

Nol  only  may  the  colour  which   i-    thus  taken   into   the  mouth  be 

injurious  to  health,  but  it  i-  impossible,  If  this  is  dona,  to  produce 


i-t  quantity  of  saliva  which  may  be 
taken  up  by  the  brush  has  the  effect  of  clouding  and  al- 

■  the  paper.     In  plan  of  tins  ut>- 

claanlj  method,  the  artist  should  have  a  piece  of  blotting-paper  at 

the  more  absorbent  the  1  the  brush 

ov.  r  thi-.   any  MpOtflooUl  odour  may  be  taken   off,  and  a»  tine  a 

.-  by  any  other  means.      The  brash  should  not  be 

passed  more  than  on.  •.  if  p.  -auie  part  oft 

re  it  is  dry  ;  and  whan  the  tenninat.  shade  is 

ish  should  be  from  the 

thnrwise  the  tint  will  be  left  darker  at  that  part.  Car. 
tly  to  the  outline;  and  any  space  t 
within  di  finite  outlines  ihonld  be  wholly  covered  at  otie  oj 
for  if  a  portion  .  try,  or  become  aged, 

it  will  be  almost  imp.. 

a  distinct  mark    .  |  of  the  two  ]  orttODB.      Finally.  tO 

produce  a  regular  and  i  I  not  be 

overchargi  •  !,  and  the  clour  should  be  laid  on  as  thin  as  i 
for  the  time  employed  in  more  frequently  r.  ph  oishing  thi 

j  sooner  exhaust.  1.  will  be  amply  I 

the  better  result  of  the  work  under  the  urti 


CONTINUATION  OF  THE  BTUDY  OP  PROJECTIONS 

Tin:  :  -  Off  MM  itlN 

PLATE  \l. 

138.  We  have  sin  i  ly  shown,  whi  n  treating  of  the  illustrations 
in    Plate   VIII.,   that   it   is   ■ 

through,  various   objects,  80  as  to  render  their  internal   . 

. 1 1 v  intelligible  ;  and  we  may  now  pi 
with  the  aid  of  sundry  examples,  brought  together  in! 

that  in  particular  cases  sections  are  indispensable,  and  even  in. .re 

rj    than  external  elevations.     It  is  with  thisobji 
in  many  of  our  geometrical  drawings,  we  have  given  r.  ; 

out  or  sectioned  then  gh  th 
as  to  accustom  the  student  to  this  description  of  proji  ctioos,  the 
Importance  and  utility  of  which  cannot  be  overrati  d. 

139.  /  FigS.  1  and  1''  are  the  rej  r.  -entation-. 

m  plan  and  elevation,  of  a  footstep,  formed  to  receive  t)..  tower 
end  of  ■  vertical  spin. lie  ..r  shaft.     This  footati  p  i 

r.,1    pii    .    .    one    contained   within   the    other;   and    it    is   evidently 
Impossible    to    say.    from    the    external   views,    what    th.  .: 

v  he,  although  B  part  of  each  is  seen  in  the  hori- 

sontal  projection,  fig.  l.     If.  however,  we  suppose  the  whole  to 

.1  plane  in  the  line,   1      •_>.  fig.  1.  Wt  shall  he 

m  another  vertical  projection,  fig.  1\  showing  the 

internal  structure,  and  which  is  termed  a  vertical 

radon.     This  figure  shows,  first,  the  thickneai  of  the 

evt.  real  cup  piece,  or  I ■  -v.   V,  as  also  the  dimensions  of  the  open- 

which  is  made  in  its  base,  for  the  introduction  of  a   pill,  to 

raise  the  footstep  prop  i.  B,  when  BOO)  -saiv  j   secondly,  the  thick 

I  internal  depth  of  the  footatep,  n.  a-  also  the  Internal 

vertical  grooves,   /,,   which   serve  for  the  introduction   of  the   key, 

e;  thirdly,  the  form  and  manner  of  adjustment  of  the  oantn  bit, 

(  ,  which  sustains  the  foot   of  the  vertical  spindle  or  shaft.      This 
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centre-bit,  which,  of  course,  should  not  turn  with  the  spindle-foot, 
is  prevented  from  doing  so  by  means  of  the  key,  e,  which  fits 
into  a  cross  groove  in  its  under  side,  the  key  itself  being  held 
firmly  by  the  grooves,  b,  into  which  its  projecting  ends  are  made 
to  fit.  Of  these  details,  the  cup-piece,  A,  is  of  cast-iron,  the 
footstep,  B,  of  gun-metal  or  brass,  the  centre-piece,  C,  of  tempered 
steel,  and  the  small  key,  c,  of  wrought-iron.  Therefore,  bearing 
in  mind  what  has  already  been  said,  we  may  indicate  these  various 
materials  in  the  sections,  either  by  line-shading,  of  different 
strengths,  as  in  the  figure,  or  by  means  of  colours,  corresponding 
to  those  employed  in  Plate  X. ;  and  we  may  here  remark,  that 
where  line-sectioning  is  used,  brass,  gun-metal,  or  bronze,  is 
frequently  expressed  by  a  series  of  lines,  which  are  alternately 
full  and  dotted.  There  are,  besides,  many  ways  of  varying  the 
effect  produced  by  line-shading.  For  example,  the  spaces  be- 
tween the  lines  may  be  alternately  of  different  widths,  or  the 
lines  may  be  alternately  of  different  strengths. 

Strictly  speaking,  figs.  1  and  l6  are  all  that  are  necessary  for 
the  representation  of  the  object  under  discussion.  The  cup- 
piece,  a,  however,  which  is  externally  cylindrical,  has,  at  four 
points,  diametrically  opposite  to  each  other,  certain  projecting 
rectangular  plane  surfaces,  d,  which  are  provided  to  receive  the 
thrust  of  the  screws  which  adjust  the  footstep  accurately  in  the 
centre.  The  width  of  these  facets  is  shown  in  the  plan,  fig.  1, 
whilst  their  depth  is  obtainable  from  the  elevation,  fig.  1".  If, 
instead  of  these  facets,  d,  being,  as  they  are,  tangential  to  the 
cylinder,  A,  they  had  projected,  in  the  least,  at  their  centres,  their 
depth  would  necessarily  have  been  given  in  the  section,  fig.  1°, 
and  in  such  case  the  elevation,  fig.  1",  might  have  been  altogether 
dispensed  with.  Whilst  referring  to  the  representation  of  the 
projecting  facets,  in  connection  with  the  cylinder,  A,  we  may  re- 
mark, that  when  a  cylinder  is  intersected  by  a  plane,  which  is 
parallel  to  its  axis,  the  line  of  intersection  is  always  a  straight 
line,  as  ef,  figs.  1  and  1°. 

140.  Stuffing-box  cover,  or  gland. — In  pumps  and  steam-engine 
cylinders,  the  cover  is  furnished,  at  the  opening  through  \vhich 
the  piston-rod  passes,  with  a  stuffing-box,  to  prevent  leakage. 
The  hemp,  or  other  material  used  as  packing,  is  contained  in  an 
enlargement  of  the  piston-rod  passage,  and  is  tightly  pressed  down 
by  a  species  of  hollow  bush  with  flanges,  as  represented  in  plan 
in  fig.  2,  and  in  elevation  in  fig.  2°.  In  this  instance,  the  neces- 
sity of  a  sectional  view  is  still  more  obvious  than  in  the  case  of 
the  footstep  already  treated  of.  In  the  vertical  section,  fig.  26, 
it  is  shown,  that  the  internal  diameter  is  not  uniform  throughout, 
and  that  there  is  a  ring  or  ferule,  r',  let  in  at  the  lower  part  of 
the  interior.  The  cylindrical  opening,  a,  of  the  gland,  coincides 
exactly  with  the  diameter  of  the  piston-rod  ;  the  internal  diameter 
of  a  portion,  b,  of  the  ring,  b',  is  also  the  same.  The  part,  c, 
however,  comprised  between  these  two,  is  greater  in  diameter,  so 
as  to  lessen  the  extent  of  surface  in  frictional  contact  with  the 
piston-rod,  and  it  also  serves  for  the  lodgment  of  lubricating 
matter.  It  is  further  discernible  in  the  section,  that  the  flanges 
or  lugs,  d,  which  project  on  cither  side  of  the  upper  portion  of  the 
gland,  have  each  a  cylindrical  opening,  e,  throughout  their  whole 
depth.  These  are  the  holes  for  the  bolts,  which  force  down  the 
gland,  and  secure  it  to  the  corresponding  flanges,  or  lugs,  on  the 


stuffing-box.  The  annular  hollowing  out,  /,  at  the  upper  and 
internal  part  of  the  gland,  acts  as  a  reservoir,  into  which  the 
lubricating  oil  is  first  poured,  and  whence  it  gradually  oozes  into 
the  interior.  The  ring,  b',  is  forcibly  fitted  into  the  bottom  of 
the  gland,  and  terminates  below  in  a  wedge,  in  the  same  manner 
as  the  gland  itself,  the  double  wedge  jamming  the  packing  against 
the  pistcn-rod  and  the  sides  of  the  stuffing-box,  and  thus  forming 
a  steam-tight  joint.  The  ring,  b',  is  generally  made  of  brass, 
both  with  a  view  to  lessen  the  friction,  and  to  its  being  replaced 
with  facility  when  worn,  without  the  necessity  of  renewing  the 
whole  gland.  The  latter  is  generally  made  of  cast-iron,  though 
the  whole  is  sometimes  made  of  brass  or  gun-metal. 

141.  Spherical  Joint. — In  some  cases,  alocomotive  receives  water 
from  its  tender  by  means  of  pipes  which  are  fitted  with  spherical 
joints,  as  a  considerable  play  is  necessary  in  consequence  of  the 
engine  and  tender  not  being  rigidly  connected  together,  and  also  to 
obviate  any  difficulty  of  attachment  from  the  pipes  in  the  locomo- 
tive not  being  exactly  opposite  to  those  in  the  tender.  This  species 
of  joint,  represented  in  plan  and  elevation  in  figs.  3  and  3",  gives 
a  free  passage  to  the  water,  in  whatever  position,  within  certain 
limits,  one  part  may  be  with  respect  to  the  other.  For  its  con- 
struction, to  be  thoroughly  understood,  the  vertical  section  fig.  3'  is 
needed.  This  view,  indeed,  at  once  explains  the  various  compo- 
nent parts,  consisting — first,  of  a  hollow  sphere,  A,  of  the  same 
thickness  as  the  pipe,  B,  of  which  it  forms  the  prolongation;  and, 
second,  of  two  hemispherical  sockets,  C,  d,  which  embrace  the  ball, 
A,  and  which  are  firmly  held  together  by  bolts  passing  through 
lugs,  a,  a.  When  this  species  of  joint  is  used  of  a  small  size,  as  at 
the  junction  of  a  gas  chandelier  with  the  ceiling,  the  two  half- 
sockets  are  simply  screwed  together — this  method,  indeed,  being 
adopted  in  many  locomotives.  It  must  be  borne  in  mind,  that  our 
object  in  this  work  is  simply  to  instruct  the  student  to  accurately 
represent  mechanical  and  other  objects,  and  for  this  purpose  we 
employ  both  precept  and  example ;  but  such  examples  do  not 
necessarily  comprise  the  latest  and  most  improved  or  efficient 
forms.  The  half-socket,  c,  forms  part  of  the  continuation,  E,  of 
the  feed-pipe,  whilst  the  half-socket,  D,  is  a  detached  piece,  neces- 
sarily moveable,  to  allow  of  the  introduction  of  the  spherical  part, 
A.  This  half-socket,  D,  is  partially  cut  away  at  the  lower  part, 
and  does  not  fit  closely  to  the  neck  of  the  ball.  This  allows  the 
pipe,  B,  to  move  to  a  slight  extent  from  side  to  side  in  any  direction  ; 
and  the  upper  end  of  the  ball,  A,  is  cut  away  to  a  corresponding 
extent,  to  prevent  any  diminution  of  the  opening  into  the  pipe,  E, 
when  the  two  portions  are  thus  inclined  to  each  other.  The  pipe, 
E,  with  its  half-socket,  C,  is  an  example  of  the  combination  of  a 
cylinder  with  a  sphere,  and  gives  us  occasion  to  observe,  that  the 
intersection  formed  by  the  meeting  or  junction  of  these  solids  is 
always  a  circle  in  one  projection,  and  a  straight  line  in  the  other. 
The  subject  of  such  intersections  will  be  discussed  more  in  detail 
in  reference  to  Plate  XIV. 

The  sockets,  c  and  d,  are  formed  with  four  external  lugs,  or  eye- 
pieces, a,  for  connection  by  bolts,  as  before  stated.  The  curved 
outlines  of  these  lugs,  which  glide  tangentially  into  that  of  the 
body  of  the  socket,  give  rise  to  the  solution  of  a  problem  which 
may  be  thus  put :  To  draw  with  a  given  radius  an  arc  tangential  to 
two  given  arcs.     The  solution  is  thus  obtained  :  with  the  centres, 
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",  o,  and   radii   aqua]  to  tho»€  of  the  respective  arc«  gi 
that  of  tin-    raqoind  arc,    describe   arcs  at  about    I 

which  ;!  thi  required  ai 

arcs  will  give   the   exact  c  the  lines 

joining  i .  «n'  '  :i  of  the 

«rc,  <;  II.  with  the  Othl  I    which  requires 

great  accuracy  of  adjustment  of  thi 
cast  in  brass.  I 

142-  Siftty  I  iirc,  as  far  a-  i 

the  safe  and  economical  work 

fitted  with  ]  a  whittle*,  and 

safety-valve*.       I  in  outlet 

to  the  steam  a- 

snd  for  which  the  valve  is  1  !  ,4*,  and 

and  ver- 
tical  M  ty-valve  in  common  u-c.      This  apparatus 

consists  of  two  dittincti  parts:   first,  t!i 

niancnll.  top  by  three  or  four  hulls,  the  joint 

teem-tight  bj  means  of  layers  of  canvas  and 
!.  the  valve  itself,  B,  which  : 
sometimes  brass.    The  i.d\.  piece,  b,  i-  cast  with  a  centra]  spindle, 
red  out  laterally  into  the  form  ofa  triangle  with  concave 
sides,  for  the  purpose  of  givil  wn,  ami.  at  the 

same  tiin  the  extent  of  Lriccional  contact  of  the  spindle 

with  the  sides  of  the  ]  i  contact,  howevet 

sary  for  I  of  the  valve.    The  method  of  drawing  the 

borisontnl  section  of  this  vah  ..dlar  to  thai  given  for 

with   this  difference,  that  it  is  drawn  in  an 

in  a  square.    The  bate  of  the  valve- 
!  the  pari  by  which  it  rests  on  thi  ists  of  a 

very  narrow  annular  surface ;  the  Dpper  edge  of  the  seal  is  bevilled 

olT  internally  and  externally',  so  that  the  surface  on  which  the  valve- 
its  exactly  coincides  with  thai  of  the  latter.     The  upper 

external  surface  of  the  valve-piece  is  hollowed  out  centrally  to 
the  point  of  the  rod  through  which  the  weighted  lever 
u  the  valve ;  thi   lever  it  adjusted  and  w  if       1 1 

spond  with  thi  |  hich  it  is  dei  ra  bmil  the 

boiler,  so  that,  when  this  pri 

and  the  steam  blows  off  as  long  as  relit  f  is  m  cessary. 
1  I.!.   EqtalA 

dimensions,  such  as  those  for  pumping,  met  with  in  Cornwall,  as  well 

as  marine  .  DgmOS,  an-  oftl  n  furnished  with  a  species  of  double-be  ■! 

or  equilibrium  valve  in  |  lace  of  the  ordinary  1 1  slide.     Aii  example 
of  this  di  Ive  is  given  in  figs.  5, 6*,  and  b*.   It] 

the  property  of  giving  a  large  extent  of 

.  and  very  little  power  i-   r •■- 

quired  to  work  the  valve.     The  vah  nted  consists  of 

iron  or  brats,  and  forming  p  trl  of  the  valve 

chainher  ;   and  a  lull  shaped    . 

with  an  hich  it  is  moved.    The  contact  of  the 

valve  with  it-  I  d  b,  which  are 

formed  i  one,  a,  being  internal,  and 

il tin  r.  ft, externaL  When  ll 

eide  with  similar  ones  OH  the  sent,  and  when  il  is  lit';.   ! 

two  annular  openings  are  simultaneously  forme. 1,  thus 
doable  exit  to  thi  steam — which  issue-  from  the  upper  ■ 


•ml  p:\rt  of  the  valve  piece,  II.     The  rod  or 
of  thi;  pi'       i-  Dal  I  I  s  cast  in  one  with  tl.. 

i       txtt  nial  contour  of  this  i 

m  their 
Ou  curr<  il  j  :',e  m/ce 

with  the  iij'/xt  tyli  i  trieai  joirt.      This  i-  similar  tl 
of  in  raft  Plata  CD      17.   and  may  easily  be  drawn 

N.  it, 
for  the  juni  tioo  of  the  hrancli,  c,  with  the  t  i.oas,  we 

require  :    J 

I        - ..lution  of  this  is  extl 

Jar  on  the  line,  <•/.  fig.  5*,  at 
the  point  of  contact,  r,  of  the  tangential  Bit  ;    to  join  i   and  the 

nt,  ij.  through  which  the  ai 

the  line.  •  I  thi    point,  t.  of  int.  r 

t  this  line  witl  alar,  is,  will  be  tin 

the  are  soughl  the  radius. 

r  feathers  of  the  stat,  a,  arc  drawn  ac- 
cording  to  a  problem  ah 

The  student  will  now  seethe  bnperativi  internal 

views  or  sections  for  tl  Ulgibtlity  of  I 

and  action  of  various  pieces  of  mechanism.     \\  it 
to  the  examples  colli  cted  together  in  this  plate,  a  little  » 
turn  will  show  that  the  internal  formation  could  not  generally  be 

Ij  indicated  bj  odes  the  com; 

ami  confusion  that  would  result  from  such  a  method,  many  such 
lines  would  confound  themselves  with  full 
external  outline. 

We  have  nol  though!  it  neeeaaaryto  enter  more  into  detail 
■  of  constructing  the  various  outlini  - 
i  that  the  dotted  iii !  i  will  be  qnite 

sufficient  for  the  studi  nt  who  has  advanced  thus  far.  the  more  so 
since  the  requi  1"  ir  great   i 

f  in  reference  to  Plata  III. 


BIMPLB  APPLICATIONS. 

BPINDLES,   BHAF1    ,  CO!  1  I  IN- 


Ml.    For  thi  mieal  action,  under  the  form 

i  v.  or  partial  rotatory  nioti  ., ideally  known 

as  shafts  or  spindle*,  of  wroughl  and  cast  iron  and  a 

I    the   hitter  ■!  i-t  iron  and  * 

employed  ehii  fly  ill  hydraulic  motors,    water  and  wind  mills,  and 

in  all  machines  i  I  -train  hat  to  be  transmitted,  render- 

try,     tu"  these  two  kind-. 

I  :    I 

particularly  when  the  length  is  great,  since  tiny  will  letter  sustain 
severe  shock-.     \\  rought-iroo  shafts  are  employed  for  the  txans- 
of  motion  in  fiwtorieeand  workshops,  and  for  i 
bafta  of  steam  vessels      Wrougfat-iron  hat  I 

li   -  brittle  than  cast,  and  i : 

and  .  I  i-ii.  ity. 

146.  n  Fig*.  1,  -I.  6,  ami  8,  represent  different 
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projections  of  a  wooden  shaft,  such  as  is  used  for  a  water-wheel. 
Fig.  4  shows,  on  one  side,  a  lateral  elevation  of  the  shaft,  furnished 
with  its  iron  ferules  or  collars,  and  its  spindle ;  and  at  the  same 
time,  on  the  other  side,  a  vertical  section,  passing  through  the 
centre  of  the  shaft,  giving  the  ferules  in  section,  but  supposing 
the  central  spindle,  with  its  feathers,  to  be  in  external  elevation. 
Generally,  in  longitudinal  sections  of  objects  enclosing  one  or  more 
pieces,  the  innermost  or  central  piece  should  not  be  sectioned, 
unless  it  has  some  internal  peculiarity — the  object  of  a  section  be- 
ing to  show  and  explain  such  peculiarity  where  it  exists,  and  being 
quite  unnecessary  where  the  object  is  simply  solid.  In  the  same 
manner,  it  is  not  worth  while  sectioning  the  various  minutia?  of 
machinery,  such  as  bolts  and  nuts,  simple  cylindrical  shafts  and 
rods  and  screws,  unless  these  are  constructed  with  some  intrinsic 
peculiarity. 

Fig.  5  is  a  transverse  section  through  the  middle  of  the  shaft, 
and  merely  shows  that  it  is  solid,  and  that  it  has  the  external  con- 
tour of  a  regular  octagon.  Fig.  6  is  an  end  view  of  the  same 
shaft,  showing  the  fitting  of  the  spindle,  with  its  feathers,  into  the 
socket  and  grooves,  formed  in  the  end  of  the  shaft  to  receive 
them,  and  the  binding  of  the  whole  together  by  the  ferules  or 
hoops.  These  views  are  what  are  required  to  determine  all  the 
various  parts  of  the  shaft.  It  manifestly  consists,  in  fact,  of  a 
long  prismatic  beam  of  oak,  a,  of  an  octagonal  section,  and  of 
which  the  extremities,  b,  are  rounded,  and  slightly  conical.  The 
spindles,  b,  which  are  let  into  the  ends,  are  each  cast  with  four 
feathers,  c,  and  a  long  tail-piece,  d,  uniting  and  strengthening 
them.  Some  engineers  construct  the  spindles  without  the  addi- 
tional tail-piece,  d.  Though  this  simplifies  the  thing  considerably, 
it  is  an  arrangement  which  does  not  possess  so  much  strength  as 
when  the  spindle  is  longer.  The  beam-ends  are  turned  out  and 
grooved  to  receive  these  spindles,  the  grooves  for  the  feathers 
being  made  rather  wider  than  the  feathers  themselves.  When 
the  spindles  are  introduced  into  the  sockets,  b,  thus  formed  for 
them,  the  whole  are  bound  together  by  means  of  the  iron  hoops, 
/,  which  are  forced  on  whilst  hot.  After  this,  hard  wooden 
wedges  are  jammed  in  on  each  side  of  the  feathers,  thus  tightening 
and  solidifying  the  whole  mass.  In  addition  to  this,  iron  spikes, 
g,  are  sometimes  hammered  in,  to  jam  up  the  fibres  of  the  wood 
still  closer.  Fig.  1,  which  is  a  shaded  and  finished  elevation  of 
one  end  of  the  shaft,  gives  an  accurate  idea  of  its  appearance 
when  complete  and  ready  for  adjustment. 

146.  Cast-iron  Shaft. — There  are  several  descriptions  of  cast- 
iron  shafts.  Some  are  cast  hollow,  others  quite  solid,  and  cylin- 
drical or  prismatical  in  cross  section.  Such  as  are  intended  to 
sustain  very  great  strains,  are  generally  strengthened  by  the  addi- 
tion of  feathers,  which  project  more  towards  the  middle.  These 
give  great  rigidity  to  the  piece.  A  shaft  of  this  description  is 
represented  in  elevation  in  fig.  7,  half  being  sectioned  through  the 
irregular  line,  1 — 2 — 3 — 4,  and  half  in  external  elevation.  Fig.  8 
is  an  end-view  of  it ;  and  fig.  9  a  transverse  section  through  the 
line,  5 — 6,  in  fig.  7.  In  practice,  it  is  not  considered  absolutely 
necessary  that  a  section  should  follow  a  straight  line.  Frequently 
a  much  greater  amount  of  explanation  may  be  given  in  one  view, 
by  supposing  the  object  sectioned  by  portions  of  planes  at  differ- 
ent parts,  and  solid  and  easily  comprehended  portions  are  generally 


shown  in  elevation,  as  the  feathers  of  the  shaft,  in  the  present  in- 
stance, or  the  spokes  of  a  spur-wheel  or  pulley.  The  shaft  under 
consideration  is  such  a  one  as  is  employed  for  hydraulic  motors. 
The  body,  a,  is  cylindrical  and  hollow,  and  it  is  cast  with  four 
feathers,  n,  disposed  at  right  angles  to  each  other,  and  of  an  ex- 
ternal parabolic  outline,  so  as  to  present  an  equal  resistance  to 
torsion  and  flexure  throughout.  Near  the  extremities  of  these 
feathers,  four  projections  are  cast,  for  the  attachment  of  the  bosses 
of  the  water-wheel.  These  projections  are  formed  with  facets, 
so  as  to  form  the  corners  of  a  circumscribing  square,  as  shown  in 
fig.  8 ;  and  they  are  planed  to  receive  the  keys,  i,  by  which  they 
are  fixed  and  adjusted  to  the  bosses  or  naves,  which  are  grooved 
at  the  proper  places  to  receive  them.  The  spindles,  d,  which 
terminate  the  shaft  at  each  end,  are  cast  with  it,  and  are  afterwards 
finished  by  turning.  The  shaft  thus  consists  of  only  one  piece,  or 
casting. 

147.  Although  we  have  already  shown  the  method  of  drawing  a 
parabola,  in  Plate  V.,  the  outline  of  the  shaft  feathers  affords  a 
practical  exemplification,  which  it  will  be  useful  to  illustrate.  We 
here  also  give  the  method  generally  adopted — because  of  its  sim- 
plicity— when  the  curve  is  a  very  slow  or  obtuse  one,  such  as  is 
given  to  the  feathers  of  shafts,  beams,  side-levers,  connecting-rods, 
and  similar  pieces.  It  is  understood,  in  these  cases,  that  two  points 
in  the  curve  are  given ;  the  one,  a,  fig.  7,  being  at  the  summit, 
and  at  the  same  time  in  the  middle  of  the  piece,  and  the  other,  b, 
situated  at  the  extremity.  In  the  present  instance,  we  suppose 
the  heights,  a  c  and  b  d,  from  the  axial  line,  m  n,  of  the  shaft  to  be 
given.  This  line,  m  n,  may  also  be  taken  as  the  centre  line  of  a 
beam,  or  connecting-rod.  After  having  drawn  through  the  point, 
6,  a  line,  e  b,  parallel  to  the  axis,  divide  the  perpendicular,  a  e,  into 
any  number  of  equal  parts,  and  transfer  these  divisions  to  the  line, 
b i,  the  prolongation  of  the  line,  db;  then  draw  lines  from  the 
points,  1,  2,  3,  to  the  summit,  a.  Further,  divide  also  the  length, 
cd,  into  the  same  number  of  equal  parts  as  the  perpendicular, 
and,  through  the  divisions,  1',  2',  3',  draw  other  perpendiculars, 
the  respective  points,  /,  g,  h,  of  intersection  of  these  with  the  lines 
already  drawn,  will  be  points  in  the  required  curve.  As  the 
lower  feather  is  an  exact  counterpart  of  the  upper  one,  the  perpen- 
diculars may  be  prolonged  downwards,  and  corresponding  distances, 
as  Y—f,  2' — g',  3' — h',  set  off  on  them.  To  draw,  also,  the  half 
of  each  feather  to  the  left,  it  is  merely  necessary  to  erect  perpen- 
diculars of  corresponding  lengths,  ?.t  corresponding  points  in  the 
axis.  A  different  method  of  drawing  this  curve  is  sometimes 
adopted  ;  namely,  the  one  which  we  have  already  given  in  Plate 
IX.,  for  the  entasis  of  the  Tuscan  column.  As,  however,  it  does 
not  possess  the  advantages  of  the  true  parabolic  form,  and  as  the 
curve  becomes  too  sudden  towards  the  extremities,  we  think  the 
method  given  in  Plate  XII.  is  to  be  preferred. 

Fig.  3  represents  a  portion  of  the  shaft  just  discussed,  shaded 
and  finished,  the  lines  running  in  different  directions,  the  better  to 
distinguish  the  flat  from  the  round  surfaces. 

148.  Shaft  Coupling.— \n  extensive  factories,  and  other  works, 
where  considerable  lengths  of  shafting  are  necessary,  they  have 
to  be  constructed  in  several  pieces,  and  coupled  together.  These 
couplings  are  generally  of  cast-iron,  and  formed  of  one  or  more 
pieces,  according  to  their  size.      One  form  consists  of  a  species  of 
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cylindrical   ■ticket,   accurately  turned   internally,  which   receives 

•  uf  the  two  shafts  to  be  coi  irfed  or 

halved  into  each  other,  m  u  lobe  bound  well  together,  and  re- 

k*  one  contim:  |  •   nn,  two 

sockets  arc  en;  -  ased  diameter  at  the  part  w 

•do-   i  art    into   quadrant -shaped   clutches, 
"  itl«  each  other.      '1  i  ■ 
fig.  10,  is  of  this  kind  ;  and  b 
11. 
This  coupling  wiu  deigned  for  a  sliaft,  of  which  the  diameter 
at  the  collars  wu  28. 
i-  adju  :■  :;  ,.f  tin-  shaft,  <  .      The  other 

a',   is  similarly  adji  -■ 
of  the  shaft.      These  two    I  itfa   <  a  h   Other, 

r,  by  means  of  the  |  hitches, 

n  and  li ',  concentric  pinions,  how.  (0  lit  the 

one  into  the  other,  to   insun 

which   is  a  front  view  of  t! 
exact  shape  and  dimensions  .i'  thi  .hitches,  each 

.g  a  quadrant  of  the  circle  on  the  fiicc  of  ti 
Those  of  the  second  piece,  a',  are  ] ; 

•  the  intervals  of  those  on  A,  so  that  the  two  may  fit 
exactly  into  each  other,  as  shown  in  fig.  10.  The  pari 
accurate  union  of  these  coupling-piece*  with  the  two  portions'  of 
shafting  is  obtained,  in  the  tir-t  place,  by  means  ..l"  two  keys,  fi, 
diametrically  opposite  to  each  other,  and  let  half  into  the  shaft, 
and  half  into  the  socket-piece;  and  secondly,  by  screw*,  6,  one  of 
which  hi  risible  in  fig.  10.  The  keys,  a,  arc  for  the  purpose  of 
fixing  the  coupling-pieces  to  the  two  portions  of  shafting,  making 
I  therewith;  and  the  screws,  b,  prevent  the  longitudinal 
separation  of  the  two  halves  of  the  OOflpling. 

THE  METHOD  OK  (  OSSTHIX  TING  A  WOODEN    MODEL   OR   PATTBBlt 
.•I    \  .  ..l  PUMO. 

140.  Afti  r  the  design  for  any  piece  of  mechanism  which  it  is 
proposed  to  cast  has  b. 

■  ■  model  or  patten  In  m l.  by  which  to  form  the 

monlds  for  the  casting,    Hie  proper  I  ich  a  pattern  is 

no  easy  matter,  and  requires  considerable  skill  on  the  pan 
patters  maker,  as  also  a  knowledge  of  the  kin. I  of  wood  n 

I  ffO jiri.it. ■,  and  of  the  rerioni   precautions  needed  tO  in-tir- 

when  the  mould  eon 
It  is  customary  to  eon  trad  the  patterm 

Bometimee,  bowerer,  pline  tn  re  or  oak 

uid  for  small  parti  1 1  -.  and  Mfifa  as  require  grant  precision, 

I  y.  DOX,  or  walnut,       Whatever  kind  of  w I   i-   use. I.   it 

Should  DO  I'-rt".  ■  tly  dry.  and  I  ,  Is  made 

s..]id,  or  hollow  and  built  up.  ■1flW»H*Hgl  t"  the   diinciisi.e. 

l'or  a  drum.  for  instance,  a  r.ihirnn  of  any  considerable 
width,  a  steam  engine  Cylinder,  or  for  a  coupling  of  lei        s 
such   as  that  repp sent,  .1   in   fig*.  IS,    13,  and    14.  the  pattern  is 

••*,  for  econommtn;  the  wood,  and  reducing  the 

weight  ■  :  Also,  if  huilt  up,  there  is  less  risk  of  warp- 

ing or  all  •  nn,  fr..m  changes  of  tempoi store.     In  ti_-. 

13)  ths  p  itfc  i :  "t  a  rswmHng  i &  i  ■  >-  r-  preei  ntod,  partly  in  eit.  r- 
nal  side  elevation,  and  partly  in  longitudinal  section,  being  cut  by 


d  plane,   passing   through  the   BJ  -  a  front 

It  i«  easy  t. 

■•«»,  that  the  pattern  is  formed  of  two  boards,  D 
■  es  of  which  are  fitted  a  series  of  Si  • 

ws.     The  wood  for  these  staves  is  • 
op  into  pieces  of  the  required  f hint  isms,  at     •  arc  then 

berfllsd  otT.  to  coincide  with  the  radii,  r ./,  cr,  fig.  14.       i 
then  litt.  I  to  I  '-.   DD',  and  at  this  stage  present  the  ap- 

pearance of  the  left  I  1.      The  drum 

wards  put  into  the  lathe,   and  the  eh 
cylindrii  . 

-.  t>.  of  this  drum,  is  fiied  the  \  ■ 
clutchpi.ee,  n,  which  has  been  previously  cut  out  of  a  board  of 
SS,  so  as  to  present  the  outline  of  fig,   IS.      On  the 

n  1.  d',  of  the  dram 
of  wood,  i'.  »l .  lawn  to  a  diami  ter  ; 

:il  socket   which   it   I  form  in  the  coupling- 

piece.     After  having  been  tuned  where  necessary,  the  pattern  is 

r  to  make  the  surface  a«  sn th  a-  j 

and  to  prevent   i  of  the  loam  of  which  the  mould  is 

formed.      Such  pit  t  •  rn-.  particularly  when  of  small  sue,  are  more- 
over  coated    with    1  lack  lead,    well  rubbed  in,   to  give  a  polish 
and    hardness  L.  the  surface.      The  diameter  of  the  core  | 
is  less  than  that  of  the  shaft  to  which  the  OOnpling  i«  !■•  ' 
so  as  to  leave  some  margin  in  the  casting  for  turning  and  grinding 
down  the  socket  t..  the  exact  dimensions.       i  •'.  which 

r:n  to  the  socket,  is  a  cylinder  of  loam  placed  in  the  centre 
of  the  mould,  fitted  into  the  recess  Conned  for  that  purpOSS  by  the 
piece,  f.  As  in  the  present  example,  the  mould  would  be  con- 
structed on  end,  and  the  cor  rl  it  would  not  require 
further  support;  but  when  a  cor.  -r  plaoad  in  I 
horizontal  position,  it  rvquip  I  th  ends,  and, 
further,  t..  he  strengthened  by  wires  or  rods  passing  through  its 
centre.  For  this  reason,  a  .  ■  re  piece,  as  F,  is  only  attach.  1  to 
one  end  of  the  drum.  It  will  DO  ohs.ru  d  that  this  is  slightly 
■  also,  but  to  a  less  si  re  itself, 

is  quite  cylindrical. 

. 

trwtioit.-    In  order  that  thl    pattern   may  b*  lifted  from  the  mould 

without  bi  tides,  il  isnecessarj  to  form 

its  sides  with  a  slighl  taper,  or  oVtne,  as  it  is  technicaD] 
pie,  the  diami  ter  of  I  .  i .  as  wi  ll  s 

the  drum  itself,  must  bt  less  at  the  lower  extremity,  or  at  the  part 

t'.rst   introduced    into  the  mould,   than  at    the  opposite  extremity. 

A  rery  slight  different  ii  tufficienl  for  the  par] 

Cast  i  all  the  metals  of  the  engineer,  is  of 

less  hulk  when  cold  than  when  in  a  state  of  fusion,  and,  bl 

M  tion.  it  i»  necessary  to  make  the  patterns  of  somewhat 
larger  dimensions  than  the  casting  is  to  he  when  finished.  It 
follows,   then,  that  when  the  pieces  t,i  he  cast   have  after 

hear  in 
mind,  in  constructing  the  woodl  n  pattern,  not  only  the  aft.  r  re- 
duction due  tO  the  contraction,  or,  as  it  is  termed,  the  .-I,  rink,  of 
the  in.  t  il.  hut  also  tint  which  is  occasioned  by  the  reducing  pro- 
BTOlred  in  finishing  the  article.  In  general,  Oreg  iron 
requires  an  ;ill..wancc  for  shrink  of  from  1  to  \-fo  per  cent.  ;  ul.ite 
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iron,  however,  requires  a  much  larger  allowance.  The  allowance 
to  be  made  for  the  reduction  caused  by  the  finishing  processes, 
depends  entirely  on  their  nature. 

When,  with  a  view  to  avoid  the  expense  of  constructing  a 
pattern,  the  mould  is  formed  from  the  actual  object  which  is  to  be 
reproduced  or  multiplied,  the  mould-makers  obtain  the  necessary 
margin  by  shifting  the  model  slightly  during  the  formation  of  the 
mould.  This,  of  course,  can  only  be  done  with  advantage  when 
the  piece  is  not  of  intricate  shape. 


ELEMENTARY   APPLICATIONS. 

RAILS  AND  CHAIRS  FOR  RAILWAYS. 
PLATE  XIII. 

151.  In  railways,  the  two  iron  rails  on  which  the  trains  run  are 
placed  at  the  distance  apart,  or  guage,  of  1§  metres,  and  are 
generally  formed  of  lengths  of  4J  to  5  metres.  In  England,  the 
guage  is  generally  4  feet  8i  inches,  and  the  rails  are  rolled  in 
lengths  of  from  12  to  15  feet.  These  rails  are  supported  by 
cast-iron  chairs,  placed  at  from  9  to  10  decimetres  asunder,  and 
adjusted  and  bolted  on  oak  sleepers,  lying  across  the  rails,  imbed- 
ded even  with  the  surface.  Those  chairs  which  occur  at  the 
junctions  of  the  lengths  of  rails  are  made  wider  at  the  base,  and 
of  greater  length,  so  as  to  embrace  the  end  of  each  length  of  rail, 
and  render  their  rectilinear  adjustment  and  union  as  perfect  as 
possible. 

In  Plate  XIII.  we  give  details  of  a  very  common  form  of  rail  and 
chair.  There  are  many  different  forms  in  use ;  but  the  method  of 
drawing  or  designing  each  will  be  similar,  and  may  be  thoroughly 
understood  from  the  exemplification  here  given.  Figs.  1  and  2 
represent  the  elevation  and  plan  of  a  chair,  with  a  portion  of 
the  rail  which  it  supports.  Fig.  3  is  a  vertical  section  through 
the  line,  1  —  2,  in  the  plan;  but  supposing  the  chair  to  be  turned 
round,  or  to  belong  to  the  right-hand  rail— showing,  in  connection 
with  fig.  1,  the  relative  positions  of  the  two  lines  of  rails,  with 
their  respective  chairs.  Fig.  4  is  a  side  view  of  the  chair  alone,  and 
fig.  5  is  an  end  view  of  a  length  of  rail.  This  chair,  which  is  de- 
signed with  the  view  of  combining  solidity  and  strength  with 
economy  of  material,  consists  of  a  wide  base,  A,  by  which  it  is 
seated  on  the  sleeper,  and  of  two  lateral  jaws,  b,  b',  strengthened 
by  double  feathers,  c,  c'.  The  base,  A,  is  perforated  at  a — the 
holes  being  cylindrical,  and  slightly  rounded  at  their  upper  edges. 
These  holes  are  for  the  reception  of  the  bolts  which  secure  the 
chair  to  the  sleeper.  The  space  between  the  jaws  of  the  chair  is 
for  the  reception  of  the  rail,  d,  and  the  wooden  wedge,  E,  which 
holds  it  in  position. 

In  this  example,  the  vertical  section  of  the  rail,  d,  presents  an 
outline  which  is  symmetrical  with  reference  both  to  the  vertical 
centre  line,  h  c,  and  also  to  the  horizontal  line,  d  e,  fig.  5.  This 
permits  of  the  rail  being  turned  when  one  of  the  running  surfaces 
is  worn.  The  section  of  the  wedge,  E,  is  also  symmetrical  with 
reference  to  its  diagonals,  so  that  it  is  immaterial  which  way  it 
is  introduced,  whilst  it  also  fits  equally  well  to  the  rail  when  the 
latter  is  reversed. 


The  outline  of  the  rail  is  composed  of  straight  lines  and  arcs, 
which  are  geometrically  and  evenly  joined,  as  shown  in  fig.  5. 
The  necessary  operations  are  fully  indicated  on  the  drawing  itself. 
These  operations  are,  for  the  most  part,  but  the  repetition  and 
combination  of  the  problems  treated  of  in  the  first  division  of  the 
subject.  We  have,  moreover,  given  some  of  the  problems  de- 
tached, and  on  a  larger  scale,  in  figs.  6,  7,  8.  Fig.  6  recalls  the 
problem  (35),  which  has  for  its  object  the  drawing  of  an  arc,  ijk, 
tangent  to  the  straight  lines,  fg  and  g h,  the  radius,  ok,  being 
given,  equal  to  31  hmjm.  (fig.  2,  Plate  III.)  This  problem  meets 
with  an  application  a.t  fg  h,  fig.  5.  In  fig.  7  we  have  the  problem 
(37),  which  requires  that  an  arc,  I  m  n,  be  drawn  tangent  to  a 
straight  line,  n  }j,  and  to  a  given  arc,  q  r  t,  the  point  of  contact,  n, 
being  known  (fig.  6,  Plate  111.)  This  meets  with  its  application  at 
I  m  n,  fig.  5. 

The  problem  illustrated  by  fig.  8  is,  to  draw  a  tangent,  g2  /', 
to  two  given  circles  of  radii,  s  t  and  o1  k";  respectively.  In 
this  problem  (9),  we  require  to  find  a  common  point,  u,  on  the 
line,  o  s,  which  joins  the  centres  of  the  two  circles.  To  effect 
this,  we  draw  through  the  centres,  o  and  s,  any  two  diameters,  vx 
and  i)'  x',  parallel  to  each  other.  Join  two  opposite  extremities  of 
each,  as  v  and  x,  by  the  straight  line,  v  of,  which  will  cut  the  line, 
o'  s,  in  the  point,  u.  The  problem  then  reduces  itself  to  the  draw- 
ing of  a  tangent  to  any  single  circumference  (fig.  4,  Plate  I.),  from 
a  given  point,  u.  The  tangents  obtained,  in  the  present  instance, 
will  lie  in  one  straight  line,  and  be  the  line  required — tangent  to 
both  circles.  The  application  of  this  problem  is  at  x  k2  t  in 
fig.  4. 

On  fig.  9  we  have  also  indicated  the  solution  of  a  problem  (41), 
which  is — to  draw  an  arc,  y  z,  of  a  given  radius,  a  b',  tangent  to 
two  other  arcs,  having  the  radii,  c  d'  ande1/2  (fig.  8,  Plate  III ) 
This  problem  is  called  for  in  drawing  the  outline  of  the  jaw  of  the 
chair,  where  it  runs  into  the  base,  a,  near  the  edge  of  the  bolt- 
hole,  a,  fig.  3. 

To  complete  the  outline  of  the  chair,  it  remains  for  us  to  show 
how  to  determine  the  lines,  g  h',  which  represent  the  intersections 
of  portions  of  cylindrical  surfaces,  as  will  be  gathered  from  figs.  1 
to  4.  To  avoid  a  confusion  of  lines,  we  have  reproduced  this 
portion  in  figs.  10,  11,  and  12,  which  represent — the  two  former, 
vertical  sections  of  each  cylindrical  portion,  and  the  latter,  the  line 
of  intersection  in  plan. 

We  must  first  determine  on  fig.  12,  which  corresponds  to  fig.  2, 
the  horizontal  projection,  V,  of  any  point,  as  i,  taken  on  the  arc, 
(j  h',  in  fig.  10 ;  letting  fall  from  this  point,  on  the  base  line,  L  T,  a 
perpendicular,  i  i  ,  and  also  drawing  from  it  a  horizontal  line,  i  i2. 
This  latter  line  meets  the  cylindrical  outline,  g'h',  fig.  11,  in  r. 
Project  i2  in  P  on  the  base  line,  transferring  it  to  a  line  at  right 
angles  to  the  base  line,  by  means  of  a  quadrant  of  a  circle,  and 
draw  through  the  point  thus  obtained  a  line  parallel  to  the  base 
line,  and  meeting  the  line,  ii'  in  i,  which  will  be  a  point  in  the 
curve  required ;  other  points,  as  f,  ri,  are  found  in  a  similar 
manner. 

It  must  be  observed,  that  when  the  two  cylindrical  portions  are 
of  equal  diameters,  then'  intersection  with  each  other,  g'h',  as  will 
be  demonstrated  hereafter,  is  projected  horizontally  as  a  straight 
line  ;  the  greater  the  difference  between  the  two  cylinders,  the  more 
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curved  will  the  line  of  I  -ion  be,  as  U  apparent  in  ti;«. 

10,  11.  U 

The  outlines  of  the  feathers,  C  and  <-',  glide  into  tti  ,- 
base,  A,  with  a  curvo  which,   in  the  plan,  tin'  arc, 

I  lie  operation  necessary  to  determine  these  curves,  is  quite 
analogous  to  that  treati  1  of  in  n  n  r.  n,  I   to  the  ; 
and  will  be  found  sufficiently  explain  I   md  16.     Wt 

.irk.  tliat  we  hare  given  explanatory  diagrams  of 
all  the  sweeps  or  combination*  of  curve",  both  t lint  the  student 
may  bo  w.  11  exercised  in  ■  my  of  tl 

and  also  with  a  view  of  collecting,  in  Dot  |  '  ■  :he  dlffl- 

,n  in  the  course 

of  his  practice.      Inn:  r  exemplificatl 

very  little  of  the  nicety  ban  carried  out   Is  observed,  tod  the 

curves  aro  generally  i!  •  'iremcnts  with  callipers  from 

... 

The  rails  are  not  adjusted  in  their  chair  ;   rly,  but 

•htlv  towards  each  other,  in  such   a  manner  that 

!reliiics,co,  funn  a  slight  angle  with  tin-  v.  rtical.  C  i3 :   this 

inclination  is  given  to  counteract  any  tendency  that  the  carriages 

may  liavo  to  run  off  the  rails,  as  ii  i  particularly  in 

from  the  effort  made  by  the  wheels  to  run  in  a  Straight 

line.     The  expedient  of  laying  the  outer  or  convex  rail  at  a  leyel 

slightly  higher  than  the  other,  is  also  resorted  to  in  quick  curves, 

for  the  like  purpose  of  keeping  the  trains  on  the  line. 


kills  A\n  PEAI  nCAL  DATA. 

BTBXNOI  ii   <>r    M  ITER]  iLB, 

168.  Tin.1  various  mat.  rids  employed  in  mechanical  and  other 

constructions,  differ  considerably  in  their  several  natures,  both  with 

to  the  amount  of  force  they  will  bear  or  resist  uninjured, 

and  the  description  of  force  or  mode  of  applying  it,  to  which  they 

offer  the  greatest  resistance. 

Such  forces  are  termed,  according  to  the  mode  in  which  they 
are  applied — tension,  compression,  flexure,  and  torsion, 

BJ  of  practical  rules  have  bean  deduced  from  often  re- 
tperiments,  which  serve  as  guides  for  readily  calculating 
the  dimensions  of  any  piece  of  mechanism,  with  reference  to  the 
description  and  degree  of  force  to  which  it  will  lie  subjected. 

i KPB1  WOH   OB  i  i:i  -mv.    I  OBI  E. 

I  ->ion  is  a  force  which  strives  to  crush,  or  render 
more  dense,  the  tibres  or  molecules  of  any  substance  which  is  sub- 
to  it*  action. 

ling  t"  l: Inlet's  experiments,  a  prism  of  oak,  of  such 

■    !   igth  or  height  is  not  gteater  than  seven  times 

the  least  firmans!  on  of  it>  transverse  section,  will  bt  crushed  by  a 

183  kilogrammes,  to  the  square  centimetre 

of  transverse  section,  or  a  weight  of  from  5,470  to  6,0-17  per  squaro 

inch  of  transverse  section. 

natal,  with  oak  or  cast  iron,  flexure  begins  to  take  plana  In 

i  eraaUng  force,  as  soon  as  the  longth  or 

:•  ii  h.s  ten  times  tbo   least  dimension  of  tho  transverse 

Up  to  this  point,  the  resistance  to  compression  is  pretty 

regular. 


Wrought-iroii  begins  to  be  compressed  under  a  m 
kilog.  per  square  centimetre,  or  of  nearly  70,000  per  square  inch, 

I  m  liahlllf,  as  soon  as  the  ! 
of  the  piece  exceeds  three  ti:  o  of  the  trans- 

verse section. 

w.  in  the  following  table,  to  what  extent  per  square  inch 
we  may  safely  load  bodies  of  various  substances. 

Talk  of  the  Weight*  mJh'nH   .So/uAs — such  at   CUumnt,  PiltuUn, 
Sii])]>orU — trill  nutain  witJivtit  bring  muhtd. 

WOODS   AXD    METALS. 


DescrlpUon 
M.l.rLI. 

Proportion  of  length  to  lout  dlmontloo. 

Up  to  IS. 

4b  n  U 

Ibon  -i 

Aboro  48.     Abort  SO. 

lb. 

426-750 

2B4S0' 

U707-1TJ 

lb. 

44"  '.iT.'. 

116-618 

lb. 

ri'iu 

266007 

71 1  J 

14225-000 

lb.                lb. 
71125,      85562 

106-687 

Common  puts 

Wrought-iroo, ... 

i 

STO.NtS,    BRICKS,    US    MOIITARK. 


Description  of  M»t>  rial. 


Rasalti.-  Marble,  Swedish  and  Auver^-ncse 

Qranlts  from  Horn  indy 

"      green,  from  Vosges, 

"      grey,  from  Brstagns 

"  "     from  Vosges, 

"       ordinary, 

Marble,  hard 

whin-  and  vi  iiii-'l, 

Freestone,  hard 

11  soft, 

Stoma  fr..in  ChlUllon,  near  l'ari< 

Very  hard  freestone,  nr  lin*.  from  M.e,-n.ux,  near  Paris. 

A  softer  stone,  from  lbs  asms  plaes 

■'.  near  Paris 

"     fr.nn  s  oil  in, -, .mi.  Bear  Pontolsa,  in-st  quality — 

"      from  I  '.iiiii.in-.  nun  Ii  

tons 

i  Irdlnary  

in  i,i\r>.  nasi  Paris 

"  from  th«  - 1 i ' 

An  inf.  ri  r 

rj  hard 

"        inferior 

"       hard  and  ».ll  l..ik.  I 

"       nd 

...  ... 

Plaster,  mini  I  snHh  water 

mixed  with  Uiaa  eater 

itha'  old 

"      unlliisii,  eighteen  mnnlhi'  old 

"  "         ef  lime  and  Kami 

Osaaenl 

"       Romsn,  or  Neapolitan 


lb. 

569 
14.'.' 
4-.'7 

6 

855 
191 
IM 

711 

in 

441 

171 
88 

171 
67 

213 
85 
86 
71 

Ml 
67 
36 
60 
68 
63 


/,■         To  find,  bj  means  of  this  table,  the  greateet  compress- 
ing weight  to  which  any  pine  may  be  submitted  with  ss 

Mu.lipUj  tin  Ir.i  .  |  tiki  iiionbtr   £ss 
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the  table  corresponding  to  the  material,  and  to  the  proportionate 
length  of  the  piece.  And  inversely,  from  the  weight  which  a  piece 
is  to  support,  its  smallest  transverse  section  may  be  determined. 
By  dividing  this  weight,  expressed  in  pounds,  by  the  number  in  the 
table  corresponding  to  the  material,  and  to  the  proportionate  length. 

First  Example. — What  weight  can  be  put  with  safety  upon  a 
pillar  constructed  of  ordinary  bricks,  the  pillar  being  of  a  rectan- 
gular section,  of  50  inches  by  60,  and  the  height  being  below  12 
times  the  length  of  this  cross  section  ? 

We  have  50  X  60  =  3000  square  inches  of  transverse  sectional 
area.     Then,  according  to  the  table,  we  have — 
3000  X  57  =  171,000  lbs. 

Second  Example. — What  must  be  the  transverse  sectional  area 
of  a  square  post  of  sound  oak,  19  feet  8  inches  in  height,  and 
which  will  safely  bear  a  load  of  60,000  lbs.  ? 

According  to  the  table,  if  we  suppose  the  length  to  be  not  more 
than  12  times  the  least  cross  section,  the  number  or  coefficient  of 
compression,  in  pounds  per  square  inch,  is  426-75. 
60,000 


Then, 
and 


426-75 


=  140  square  inches ; 


v  140  =  11-8  inches,  the  length  of  the  supposed  side. 
Comparing  this  11-8  inches  with  the  given  height,  we  find  that 
19  ft.  8  in.  236 


11-8  in. 


11-8 


=  20. 


This  shows — and  we  have  constructed  the  example  with  this 
view — that  in  this  instance  the  proportionate  length  has  not  been 
correctly  estimated ;  and  therefore,  instead  of  taking  the  number 
426-75,  as  in  the  first  column,  we  must  take  that  in  the  second 
column,  for  a  proportionate  length  of  between  12  and  24  times  the 
cross  section.  The  calculation  will,  consequently,  have  to  be 
rectified  thus — 

60,000 
355^625   =  168-7s<l«are">^. 

and  V168-7  =  13  inches  nearly,  the  proper  dimension  for  the 
cross  section  of  the  post. 

Third  Example. — What  is  the  greatest  load  that  can  be  borne 
with  safety  by  a  solid  cast-iron  column,  3  inches  in  diameter,  and 
12  feet  in  height? 

It  is,  in  the  first  place,  evident  that  the  ratio  of  the  diameter  to 
the  height  is  12  feet,  or  144  inches,  -r  3  inches  =  48. 

Consequently, 
the  section         -785  X   33  X  4741-666  =  33,500  lbs. 

In  shops  and  warehouses,  builders  employ  solid  cast-iron  co- 
lumns, instead  of  brick  pillars,  so  as  to  take  up  less  space.  These 
columns  are  generally  calculated  to  support  loads  of  above 
33,000  lbs.  each.  They  are  usually  about  3  inches  in  diameter, 
and  12  feet  high.  In  which  case,  supposing  a  cubic  foot  of  cast- 
iron  weighs  452  lbs.,  they  will  weigh  (3  inches  being  equal  to  -25 
foot)— 

•785  X  -252  X  12  X  452  =  266  lbs. 

If,  instead  of  these  columns  being  massive  or  solid,  we  employ, 
in  place  of  two  of  them,  a  hollow  one,  to  support  the  proportionate 
load  of  66,000  lbs.,  and  being  6  inches  in  diameter,  this  increase 


in  the  diameter  makes  the  ratio  of  the  length  to  it  24,  instead  of 
48;  and  the  coefficient  to  be  taken  from  the  table  will  conse- 
quently be  14,225,  instead  of  4742. 

Now,  66,000  -T-  14,225  =  4-64  square  inches,  would  be  the 
cross  section  of  a  solid  pillar,  equivalent  to  that  of  which  the. 
thickness  is  sought.  Since,  however,  the  diameter  of  the  latter  is 
6  inches,  its  section  of  solidity  would  be — 

•785  X   62  =  28-26  square  inches. 
Then,  deducting  from  this  area  4-64  square  inches,  as  above  de- 
termined, we  have  28-26  —  4-64  =  23-62,  for  the  cross  sectional 
area  of  the  central  hollow.     From  this  we  deduce  the  internal 
diameter,  thus — 

/23-62 


/23-62 
V    -785 


=   5-485  inches. 


And,  finally,  the  thickness  of  the  column  will  be — 

6  —  5-485 

=  -2575  inches. 


The  weight  of  such  a  column,  if  12  feet  in  height,  will  be — 
4-64 

— -  X   12   X  452  =  175-27  lbs. 
144 

This  result  shows  very  markedly  how  great  an  economy  results 
from  the  employment  of  hollow  in  place  of  solid  cast-iron  columns. 
The  thickness,  determined  as  above,  of  -2575  inch,  is  theoretically 
sufficient,  but  in  practice  we  seldom  find  such  castings  under  half 
an  inch  thick. 

In  the  above  examples,  too,  the  mouldings  usually  added  to  the 
columns  are  not  taken  into  the  account.  With  these,  the  weight 
will  be  a  tenth  or  so  more,  according  to  the  description  of  moulding. 

TENSIONAL  RESISTANCE. 

154.  A  tensile  force  is  one  which  acts  on  a  body  in  the  direc- 
tion of  its  length,  tending  to  increase  the  length,  and  when  carried 
to  a  sufficient  extent,  to  cause  rupture. 

As  with  reference  to  compression,  many  experiments  have  been 
made  to  determine  the  sectional  area  to  be  given  to  bodies  of 
various  materials  submitted  to  a  tensile  strain,  so  that  they  may 
safely  resist  a  given  force. 

First  Example. — Required  the  sectional  area  for  four  square 
tension  rods  of  wrought-iron,  to  connect  the  top  and  bottom  of  a 
hydraulic  press,  in  which  the  force  which  tends  to  separate  these 
two  ends,  and  consequently  to  rupture  the  rods,  is  equal  to  500,000 
lbs. 

Each  rod  must  be  capable  of  resisting 

500,000         .„„„„„„ 
—  —  =  125,000  lbs. 
4 

According  to  the  table,  the  best  wrought-iron  may  be  safely 

subjected  to  a  strain  of  14,225  lbs.  per  square  inch  of  cross  section. 

We  have,  consequently, 

125,000 

-tt-zk?    =  8'7"  square  inches, 

for  the  area  of  the  cross  section ;  and 

V8-79  =  2-964,  or  nearly  3  inches, 
foraside  of  the  square  rod.  If  the  rod  were  round,  we  should  have — 

m 


D=V1 


=  3-345  inches,  for  the  diameter. 


M 
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In   (lie  same  maimer,   the  diameter  |  • 

•     !•  may  bo  calculated,  when  the  pressure  on  the  piston  is 

known. 

Table  of  WciijhU  vhich  Prime  and  Cylindrre  will  ttuUiin  when 
mli i n it t'i!  to  a  Trneilt  Strain. 


Daariattaiaf  Malarial 


m»i  taction. 


^fw.th  the  grain,  {—;^;;; 

(acroat  the  t,-rain, 

1   nth  the  (rata, 

(  arrnM  the  grain, 

Ash,  »,ih  las  >;r«iu 

1  tin.  ••  




bar  iron 


I 


( 

?  inf.  ri--r,ii..li%eriniiiiat.  W 

/ 
Iron,   \ii.  ■  I  ir  to  this,... 

.  I  It 

(be  Lni-jlr.  -009 inch, 

in  dlsrastsr 

I  Inferior,    ami   of  eon 

L'nninninl.  I  |       .ii. Mr 

iruu  wire, 


beat,  from -OS  to  »l  inch,  or  -5 

to  lm/m  iii  diameter 

medium  quality,  »■  i"   1  -  in.  Ii, 

%     or  1  to  S"lm  in  'Ii  un'  !■  i 

Iron  wire  rope, 

Iron  cable,,  I*******?'  ^g ""• 



Grey  cast-iron, /"''^"'"''V'1 

(run  borlsontally,  uifi 


("cast  or  wrought, 


Steel  J  '""'r'"r.  '■  ■                       taken lodla- 
°     ')     erfanmataljr, 


I^ni'.ii 
.'.  average 

!l  bngthwiss 
;  '"■'li'.v- 
nammand 

superior,  uii'lrrOI  Inch,  or  l^/o, 

(Inch,  or 

inf'  ri"r 

V.ll.iw  co[,|ht.  nr  flnt  lirai* 

(  •i.r.mi.l.Tiil, 

(medium 

Platinum    f,lirl"                             0045  inch, 
»ir.-         )      °f  •I-""'/m  i"  'li'iiiitt' r, 

(.hanienci.  annealed 







„„ 




laon. 
Hawsers  m  „,,,  .,',  to  -c 

men,  ..r  l:i  to  H»/„,  in  diameter 

!>>..  of  Lamina  barop 

hi  nil..   ■'.'  ill'  Ii     or 

28-/.  In  diameter 

labonj  heap,  1  :.  t.. .'  in.  h,  ,,r  (0  t.> 

M  -'-»"...  in  dlan 
l.l .ii  k  leather  ban.U, 


I!.-. 

[1,280      J 

60 

1,707 

i 
1.1  Uj 

5.'.' I  7 
'.MM 

21,337 
11,850 
18.0GG 

7,112 

7,687 
8,087 

8,535 
17,781 

...  1 1 B 
4,979 
6,  1 1  7 

8,314 

1G.G00 

11,860 

9,488 
2,987 

1 1  -  iO 

87,811 

8,066 

71! 

1,481 

1,181 

808 

820 


6,259 

.1.012 
'.'.■'-7 

88  i 


Ivr  square 


80 


16 
80  to  90 


■I-.1 

1"! 
HO 


1,000 
616 
666 

600 
750 

1,600 

833 

1,333 

1,000 
600 
400 
688 

217 
1,667 

600 

i.  iO 
883 
350 

•117 
233 

1,107 

883 
667 

210 

1,416 


1,933 

667 

60 

100 

•J  I  .1 


440 
686 


•-•  7:. 
■-•in 


Second  Example. — Required  the  amount  i  tractiv. 

ich  can  Batch  ■  a  carriage  draw-shaft,  mad.. 

of  aah,  anil  having  a  cross-sectional  area  ul  10  5  i-quare  inches. 
I.ave — 
I7w7  Dm.   x   IM  -  J  ..4G0  lbs. 

Tin-  following  simple  formula  may  gener- 
ally be  employed  b  pi  the  dimensions  proper 
for  pulley  hands  : — 

_   20   X  IIP 

in  which  I.  is  the  width  nf  the  band  in  inchl ■ :   II  1'.  th 
IWBrj   and  r.  tin-  \ .  1 . . i  i t y  in  f .  .  t  per  minute. 
By  A  .  raised 

1  fool  nigh  in  a  minute.      I  rammes, 

metre  high  per  second,  which  ii  »•  ry  nearly  the  tame  as 
the  English  mi  isure.  To  suit  the  French  system,  the  above  for- 
mula would  be — 

_   1500   X  11  P 
r 
r,  in  this  case,  signifying  the  vela  Ity  in  oentimei  t, 

and  I.,  the  width  in  centimetres.     Tin-  thickness  of  the  leather  is 

I  tO  I K    thai  of  Stl  -  2  inch,  or  5"/,.. 

The  above  formula  gives  rise  t"  the  following  rale :  -Multiply 

ill  be  the 
width  of  the  band  in  in 

Lei  li  P  =  2  horsi  power,  o  =  10 feet  per  minute, 
then— 


L  = 


20  X   2  . .    , 

=   4  inches. 


This  formula  tin  <  the  band 

do  not  slide  round  the  pulley  which  it  embraces;  that  it  be  nol 
liable  i"  increase  perceptibly  in  length;  an  I  tpebla  of 

resisting  the  strain  transmitted  by  it. 

It  is  found  advisable  never  t"  mak<   the  respi   five  diameten 

■  .I'  tWO  pulleys,   OOUpled  b  Jl  ther,    in  a  greater  ratio  to  each  other 

than  I  :  3. 

...   i  i.i  \t  i:i  . 

166  Thai    latanoi  of  a  piece  of  any  material  to  flexure,  is  the 
effort  which  it  opposes  t.i  all  strain  acting  upon  it  in  a  direction 
perpendionlai  t.i  its  length,  a>  in  the  ca 
shafts. 

be  siilnnitti  d  to  the  strain  of  ll.\ure   in  several 

Thus,  the  piee  lj  fiied  in  a  wall  bj  one  end, 

whilsl  the  ttrainl  I '  ■■  other;  or  it 

1 1 i.i  v  be  secure]]  fixed  at  both  ends,  and  the  wei  lit  applied  in  the 

ri  ut n-  ;  Or  it  in  ■  I  al  tin    CI  litre,  mid  have  the  weight 

applied  at  both  extremities. 

We  thai]  tir-i  oonsidi  r  thi  i   e  ii\'  i  bj  one  end. 

and  subjected  to  a  strain  at  the  oilier. 

Lot  w  i"  the  wel  lit  in  pounds,  planed  at  a  distanoe,  I.,  in 

bom  the  wall,  in  which  the  piece  under  experiment  is 

fixed;  ('.  a  ooefflcienl  varying  with  the  material;  a,  tin-  horisontal 

il.ii.ii  Ion  in  ii.  notion;  '■.  ti"-  rertioal  dimension, 

similarly  expreased ;    then  tl  bt  that  the  piece  wiD 
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bear,  without  undergoing  alteration,  will  be  determinable  by  the 
following  formula,  the  piece  being  of  rectangular  section,  and  fixed 
at  one  end,  and  weighted  at  the  other. 

C  X  «ii 

Now,  C  =    8,535,  for  wrought-iron ; 

10,008,  for  cast-iron ; 
854,  for  oak  and  deal. 
Substituting  these  values  of  C,  in  the  preceding  formula,  we 
shall  have,  for  pieces  of  rectangular  section,  according  to  the 
material — 

For  Wrought-iron. 

8535  X  ab2  .      ,  1422-5  X  ab 

P  = ,  or  more  simply,  =  = . 

0  L  L 


10.6G8  Xab2                 .      ,              1778  X  a  tf 
P  = ^-^ ,  or  more  simply,  = . 


P  = 


GL 


854  X  a  b\ 


For  Wood. 


or  more  simply,  = 


142   X»S! 


6  L  "  "— *vi  _  L 

These  formula?  lead  us  to  the  following  rule  for  pieces  of  rec- 
tangular section  : — Multiply  the  horizontal  dimension  in  incites  of 
cross  section,  by  the  square  of  the  vertical  dimension  in  inches,  and 
by  a  coefficient  depending  on  the  material:  then  divide  the  product 
by  the  length  in  inches,  and  the  quotient  will  be  the  -weight  in  pounds, 
which  the  piece  will  sustain  without  alteration. 

This  rule  is  derived  from  the  fact,  that  the  transverse  resistance 
of  pieces  submitted  to  a  deflective  strain  is  inversely  as  their 
length,  directly  as  their  width,  and  as  the  square  or  their  vertical 
thickness. 

According  to  this,  pieces  fixed  at  one  end,  and  intended  to  bear 
a  strain  at  the  other,  should  be  placed  on  edge ;  in  other  words, 
the  greatest  cross  section  should  be  parallel  to  the  direction  of  the 
strain. 

First  Example. — What  weight  can  be  suspended,  without  causing 
deflection,  to  the  free  end  of  a  wrought-iron  bar,  fixed  horizontally 
into  a  wall  at  one  end,  and  projecting  5  feet  (=  GO  inches)  from  it ; 
the  bar  being  of  a  rectangular  cross  section,  having  its  horizontal 
dimension,  a  =  1-2  inches,  and  its  vertical  dimension,  b  =  1-6 
inches? 

We  have 


P  = 


1422-5  X  12  X  162 
60 


=  72-8  lbs. 


This  result  is  obtained  on  the  supposition  that  the  bar  is  placed 
on  edge ;  but  what  would  be  the  weight,  other  things  being  equal, 
supposing  the  bar  to  be  placed  on  its  side — that  is,  when  1-6  inches 
is  its  horizontal  dimension,  a,  and  1-2  its  vertical  dimension,  b? 

We  have,  in  this  case, 

1422-5  X  1-6  X  122 


P  = 


60 


=  54-6  lbs. 


This  inferior  result  shows  the  advantage  of  placing  the  bar  on 
edge. 

When  the  piece  under  experiment  is  of  square  instead  of  oblong 
section,  a  necessarily  =  b,  and  a  b"  becomes  b3,  and  this  is  conse- 
quently to  be  substituted  in  the  formula  for  the  former. 


If,  however,  the  piece  is  cylindrical,  the  formula  will  be — D  re- 
presenting the  diameter, 

854  X  D3 

For  wrought-iron,  P  = = • 


For  cast-iron, 


For  wood, 


P  = 


P  = 


L 
1066  X  D3 

L 
85  X  D8 


In  each  of  the  cases  just  referred  to,  the  transverse  sectional 
dimensions  of  pieces  fixed  at  one  end,  and  submitted  to  a  strain 
at  the  other,  are  determined  by  the  following  formula; :— 


Material. 

Form  of  Section. 

Rectangular. 

Square. 

Circular. 

Wrought-iron, .... 

PL 

PL 

63  =  

1,422-5 

l?-      PL 

PL 

D3  =-854- 

P  L 

D3  — 

1               1,422-5 
PL 

ah'  ~      1,778 

72                     PL 

ab2  — 

142 

Wood, 

1,778 

b*-      PL 
142 

10GG 

PL 

D3  =   — - 
8o 

The  rule  derivable  from  these  formula;  for  the  determination  of 
the  transverse  section,  whether  rectangular,  square,  or  circular,  of  a 
bar  or  beam  fixed  by  one  end  and  loaded  at  the  other  is  thus  stated :  — 
Multiply  the  weight  in  pounds  by  its  distance  in  inches  from  the  sujj- 
port;  divide  the  product  by  a  coefficient  varying  with  the  material 
and  form  of  section ;  and  extract  the  cube  root,  which  will  give  in 
inches  the  vertical  dimension,  the  side  of  the  square,  or  the  diameU  r 
of  the  circle,  according  as  the  bar  or  beam  is  rectangular,  square,  or 
circular  in  cross  section. 

First  application  :  What  should  be  the  transverse  section  of  a 
rectangular  wrought-iron  bar,  intended  to  carry  at  its  free  end,  and 
at  a  distance  of  5  feet  from  its  support,  a  weight  of  72-8  lbs.,  the 
bar  being  supposed  to  be  placed  on  edge  ? 

We  have  here, 

72-81bs.xG0in. 

ab= 1,422-5         =3°71; 

then,  if  a  be  taken  =  1-2  inches, 

b  =  \/ —  =  1-6  inches,  the  vertical  dimension. 

v      1-2 

Second  application  :  What  should  the  side  of  the  cross  section 

measure  of  a  square  bar,  under  similar  circumstances  otherwise  ? 

7*8X60  =  3  , 

1422-5 

b  =  a-/  3-071  =  1-454  in.,  the  thickness  of  the  bar. 

157.  Observations. — When  the  bar,  or  beam,  under  experi- 
ment possesses  in  itself  any  weight  capable  of  influencing  its 
resistance ;  or,  besides  the  weight  suspended  or  acting  at  one  end, 
has  a  weight  equally  distributed  throughout  its  length;  the  trans- 
verse-sectional dimensions  are,  in  the  first  place,  determined  with- 


4' 
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out  taking  the   additional   weight    into   consideration. 

thin,  calculated  approximately,  anJ  the  half  of  it  added   to  tin- 

suspended  load,  a  fresh  calculation  being  mado  with  this  ium  a* 

K   1  .VI- 

A  bar,  or  beam,  fixed  by  one  end,  and  loaded  at  the  other,  has 
always  I  rcak  off  at  the  shoulder,  "r  point  of  junc- 

tion, with  its  support,  because  it  is  on  tliat  point  th.it  tin 
or  strain  acta  with  the  greatest  leverage.  re.  the 

transverse  -•  •  ti.n  of  the.  piece  has  been  determined,  in  f 
with  tho  fonnn'  re,  which  are  calculated  for   tlie   di- 

ll the  shoulder ;  the  section  may  1 
ficially  diminished  towaidi  die  free  extremity,  thereby  cconomis- 
naterial,  and  lessening  its  own  overhanging  weight     The 
the  outline  is   the  parabola,  as  described  in 
.    and  Ml.     It  may  el  ' >»  the 

following  manner,  for  the  particular  case  under  consideration  : — 
Calculate  the  b  "  for  different  lesser  lengths  of  the 

e  other  data  remaining  ee  before,  end  the  required  curve 

will  be  one  which  passes  through  the  outline  of  each  section,  whl  ii 

they  are  placed  at  distances  from  the  load  equal  to  the  ll  l 

which  they  are  calculated.      Tins  curve  is  also  given  to  bars, 

beams,  or  shafts,  fixed  at  both  ends  and  loaded  in  their  middle,  or 

sustaining  a  uniform  weight   throughout  their  length.      'I  I 

iron  shaft  represented  in  Plata  XII.  may  be  taken  as  an  example 

of  this.     Steam-engine  beams  and  side  levers  are  also  formed  with 

feathers  of  this  shape,  as  it  gives  them   a   uniform  r 


throughout,  so  that  they  are  not  liable  to  break  or  give  way  in 

A  bar,  or  beam,  supported  in  the  centre,  and   loaded  :>° 
end,  will  support   double  the  weight   capal  tied  by 

one  of  similar  dimensions,  supported  at  one,  and  loaded  at  the 

I  will  only  act 
with  half  the  leverage,  being  only  half  the  distance  from  the  point 
of  sup; 

Similarly,  a  bar,  or  tx  am,  t>. .  ly  supported  at  both   extl 
and  loaded  in  the  oantre,  will  support  a  v  that  sus- 

tained by  a  piece  of  the  same  dimensions  fixed  at  one,  and  loaded 
at  the  other  end.  Therefore,  in  calculating  the  proportions  for 
these  two  last-mentioned  cases,  it  is  necessary  simply  to  double 
the  coefficient,  o,  given  for  the  tir.-t  case. 

A  bar,  or  beam,  firmly  and  solidly  fixed  by  both  ends,  will  sup- 
port a  load  four  times  as  great  as  one  of  the  same  din 
fixed  at  one  end,  and  loaded  at  the  other  extremity.     It  ■ 
sequenrly,  be  necessary  to  quadruple  the  above  coefficient  in  this 
i  tee, 

For  calculating  the  diameters  of  tin  tpindll  -.  or  journals,  of 
cast-iron  shaft- tor  hydraulic  motors,  which  are  intended  to  sus- 
tain great  weights,  the  following  particular  formula  may  be  em- 
ployi  d  : — 

D  =  #W  X    1938, 
where  D  expreaaca  the  diameti  r  in  im  hi  -.  and  W  the  weight  to 
be  sustained  in  pounds. 
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Diameter  of  Journal  in  Inches. 

Diameter  of  Journal  in  Inches. 

Tutsi  load  in 

1oi.il  ].. , !  in 
Pounds. 

Pounds. 

Cast-iron. 

Wrought- 1  mu. 

Cast-iron. 

Wrought- Iron. 

17-2 

1 

•4316 

70343 

8 

187-4 

1 

841173 

H 

11 

1-2946 

100166 

9 

10990 

o 

1-7260 

117798 

21 

21676 

10 

.i 

9-0616 

31 

ll 

4 

3-4620 

208 

»i 

9-9246 

12619-6 

41 

287296 

12 

In. 

1713 

5 

4.3160 

2G8012 

124. 

1"7- 

•S'~ 

51 

8111 

l.i 

11  - 

...ii 

6 

6-1780 

13j 

11  1 

'80-0 

CI 

14 

12.0620 

...ii 

7 

418846 

111 

086 

6891W 

71 

1 

12-9460 

thii  formula,  the  diameter  of  the  cast-iron  spindle, 

or  journal,  is  found  by  extracting   the  cubo  root  of  the  Wi 
►train,  in  pound-,  and  multiplying  it  by  the  constant,  -1938,  the 
l»  ing  the  diameter  in  im  In-. 

lameter  for  wroughl  iron  spindles,  or  journal-,  may  be 
:  from  that  for  cast-iron,  by  multiplying  tin-  Utter  1 
or,  directly,  by  employing  the  multiplier,  '1678,  in  the  above  for- 
mula. 

/     sjpla, — Of  what  diameter  nmsl  the  spindle  of  a  water- 


wheel ahafl  be,  thi  total  strain  being equiTalent  to  70,000 lbs.? 
Bare, 

I)  SB  ^70,000  X      '  irlv. 

A  wronghl  .  •   X  "863  =)  C-9  inches,  will 

answer  the  same  purpose. 

1:1  -1-1  AN.  |    l.i    !■ 

168.  When  two  forces  ad  in  opposite  directions,  and  tangen- 

tially  tO  any  solid,  tending  to  turn   its  opposite  ends  in    I 
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directions,  or  to  twist  it,  it  is  said  to  be  subjected  to  torsion,  and 
offers  more  or  less  resistance  to  this  action  according  to  its  form 
and  composition.  Taking,  for  example,  the  main  shaft  of  a  steam- 
engine,  at  one  end  of  which  the  power  acts  through  a  crank,  set 
at  right  angles  to  it,  and  at  the  other  the  load,  by  means  of  wheel 
gear — the  resistance  which  this  load  presents,  on  the  one  hand, 
and  on  the  other,  the  poicer  applied  to  the  crank,  represent  two 
forces  winch  tend  to  twist  the  shaft,  subjecting  it  to  the  action  of 
torsion. 

In  machinery,  all  shafts  and  spindles  which  communicate  power 
by  a  rotatory,  or  partially  rotatory,  movement  on  their  axes,  are 
subject  to  a  torsional  strain.  Those  which  sustain  the  greatest 
torsional  efforts  are  those  shafts  denominated  first  movers,  the 
first  recipients  of  the  power.  Such  are  the  fly-wheel  shafts  of 
land  engines,  and  the  paddle-shafts  of  marine  engines.  In  these 
the  action  is  further  complicated  and  heightened  by  the  irregularity 
with  which,  in  reciprocating  engines,  the  power  is  communicated 
to  them.  Such  shafts  as  carry  very  heavy  toothed  gearing,  but 
receive  and  transmit  the  power  in  an  equable  manner,  and  without 
a  fly-wheel,  are  termed  second  movers  ;  and  finally,  such  as  carry 
only  pulleys,  or  comparatively  small  toothed  wheels,  are  comprised 
in  the  class  of  third  movers.  Such  shafts,  again,  as  meet  with  an 
intermittent  resistance,  as  is  the  case  with  all  cam  movements,  re- 
quire increased  strength  to  meet  this  irregularity  of  action. 

In  constructing  formulae  for  the  determination  of  the  diameters 
of  shafts,  regard  must  always  be  had  to  the  class  to  which  they 
belong,  and  also  to  the  description  of  work  they  have  to  perform. 

As  the  journals  are  the  parts  of  a  shaft  on  which  the  greatest 
strain  is  concentrated,  it  is  obviously  to  the  determination  of  their 
dimensions  that  our  investigation  should  be  directed.  The  prac- 
tical formula,  for  ascertaining  the  diameter  proper  for  the  journal 
of  a  cast-iron  first-mover  shaft,  is — 


=  <J- 


HP 

IT  X   419- 


Here,    d  =  diameter  of  journal  in  inches. 

HP  =  the  horse  power  transmitted  by  the  shaft. 

R  =  the  number  of  revolutions  of  the  shaft  per  minute. 

This  formula  is  expressed  in  the  following  rule. 

159.  To  determine  the  diameter  at  the  journals  of  a  cast-iron 
first-mover  shaft: — Divide  the  horse  power  of  the  engine  by  the 
number  of  revolutions  of  the  shaft  per  minute,  mtdtiply  the  quotient 
by  the  constant,  419,  and  extract  the  cubic  root,  which  will  be  the 
diameter  required  in  inches. 

For  the  journals  of  cast-iron  shafts  which  are  second  movers, 
the  formula  is — 


and  for  third  movers — 


206; 


These  are,  in  fact,  similar  to  the  formula  given  for  first  movers, 
with  the  exception,  that  for  these  the  constant  multiplier  is  419, 
whilst  for  the  latter  it  is  206  and  106,  respectively. 

160.  For  the  journals  of  wrought-iron  shafts  the  same  formula? 
are  employed,  the  multipliers  only  being  changed ;  these  are  249  for 
first  movers,  134  for  second  movers,  and  67-6  for  third  movers. 


If,  with  a  view  of  suppressing  the  radical  sign  in  the  above  for- 
mulae, we  raise  both  sides  of  the  equation  to  their  third  or  cubic 
power,  and  further  express  the  multiplier  by  m,  we  have 
HP 


R 


X    m; 


from  which  formula  it  will  be  seen,  that  the  cube  of  the  diameter 
of  the  journal  is  proportional  to  the  force  transmitted.  Similarly, 
the  resistance  of  a  journal  is  proportional  to  the  cube  of  its  dia- 
meter. In  other  words,  one  journal,  of  which  the  diameter  is 
double  that  of  another,  is  capable  of  sustaining  a  strain  eight  times 
greater,  since  the  cube  of  2  is  8. 

161.  As,  in  consequence  of  the  necessity  of  extracting  cubic 
roots,  the  calculation,  according  to  these  formulae,  becomes  very 
tedious  and  complex,  we  have  rendered  it  much  simpler  by 
means  of  the  table  on  the  next  page. 

We  may,  however,  first  observe,  that  the  formula, 


HP 

d    =  -5-    X   m, 


may  be  put  in  the  form — 


or  again,  reversing  the  terms, 


HP 

R   ' 


R 

HP' 


If  now  we  divide  the  coefficient,  m,  by  the  cubes  of  the  series, 
1,  2,  3,  4,  &c,  representing  the  diameters  of  the  journals  in  inches, 
we  shall  obtain  a  series  of  numbers  corresponding  to 
R 
HP' 

Thus,  if  419  be  successively  divided  by  the  cubes,  1,  8,  27,  64, 
&c,  the  numbers  in  the  second  column  of  the  table  will  be  ob- 
tained ;  and  by  dealing  with  the  other  multipliers  in  like  manner, 
the  numbers  in  the  3d,  4th,  5th,  6th,  and  7th  columns,  will  be 
found. 

Rule. — When  the  table  is  used,  the  rule  for  determining  the 
diameter  of  the  journal  of  a  shaft  is  thus  stated  : — 

Divide  the  number  of  revolutions  per  minute  of  the  shaft  by  the 
horse  power,  and  find  the  number  in  the  table  which  is  nearest  to  the 
quotient  thus  obtained,  bearing  in  mind  the  class  and  material,  and 
the  corresponding  number  in  the  first  column  will  be  the  diameter 
required. 

First  Example. — What  should  be  the  diameter  at  the  journals 
of  a  cast-iron  first-motion  shaft,  for  an  engine  of  20  horse  power, 
the  shaft  in  question  to  make  31  revolutions  per  minnte? 

We  have — 

."_=*«»  1-55 
HP         20 

It  will  be  observed  that  this  quotient  is  the  nearest  to  the 
number  1-526  in  the  second  column  of  the  table,  and  that  l-526  is 
opposite  to  60  ;  the  diameter,  d,  of  the  shaft  journal  should  con- 
sequently be  64  inches  in  diameter. 

If  a  shaft  for  the  same  purpose  as  the  above  be  made  of 
wrought-iron,  we  must  look  in  the  fifth  column  for  the  number  to 
which  1-55  approaches  nearest.  It  will  be  observed  that  it  lies 
between  the  numbers  1-992  and  1-497,  respectively  opposite  to  5 
and  5i  inches ;  the  diameter  of  the  journal  should  consequently  be 
between  these — say  about  5|  inches. 


M 


Tin:  ruAciicAL  dkalghtsman's 


■ 


Journal*  of  Cut-Iron  Shift*. 

.'■  urn«l»  of  Wroagbl-Iroa  Shaft*. 

ill 

I„  ... .. 

>"ir»t  Mover*. 

Thin)  Movm*. 

r'inu  Mora*. 

S  .     ■;:   V     |  |  -.. 

Thirvl  " 

1 

3352000 

000 

<<00 

1072  000 

1 

41'.»000 

"00 

1 

134' 

4 

•-• 

184-188 

3 

18  190 

16  519 

4 

9-778 

6-808 

l  577 

.■(•jr.' 

1 

<1 
5 

1-168 

1    17'. 

•742 

l  648 

1        J 

•541 

1-889 

■406 

■491 

•313 

6* 

75  1 

■906 

•488 

7 

•6  'i 

■309 

■786 

•197 

<:■ 

•493 

•838 

-408 

■807 

•4-7 

861 

8i 

•335 

•I7:i 

•110 

9 

■888 

■is:, 

•341 

1-4 

9i 

•240 

•124 

•890 

■156 

10 

Ml'.' 

■206 

•|'ir, 

■849 

134 

- 

101 

-868 

•178 

110 

11 

-814 

•155 

■079 

•1-7 

■101 

•061 

Ul 

•878 

■185 

•1G3 

•044 

18 

■119 

•061 

144 

•214 

'In.", 

•n;,i 

■127 

■191 

•049 

114 

13] 

•170 

■I„l 

•043 

•101 

14 

•168 

•075 

■091 

I*. 

■187 

067 

■"11 

15 

-184 

■061 

031 

•074 

1 

•J 

3 

4 

5 

G 

7 

We  require  to  ascertain  the  diameter  proper 
for  the  journali  of  a  shaft  of  the  second  class,  intended  in  tr:m>- 

mit  a  force,  equal  to  1 J  bOTM  power,  at  tin.-  rate  of  40  revolutions 

)  ■  r  iianuto. 


4" 
=    1,    =   ™' 


11    P 

: - ■  t i . -i 1 1  li  •  betwci  i  the  numbers  8*819  and  8*866  in  the 
third  column,  an.!  betwei  n  3-123  and  8-094  in  the  sixth.    It  followi, 

then,  thai  if  the  ihafl  i- t"  I f  caal  iron,  i:-  jonmala  mnal  be 

'.  and  11  inehea  in  diameter;  or,  if  it  i  —  t ■  ■  1 fwronght- 

abool  half  an  inch  of 
una, 
Third  I'  \  shaft,  intended  for  a  t liir«l  mover,  in  to 

transmit  a  for.  ■  me  power,  nt  a  velocity  .>i 

I    r  minute,  what  ihould  be  the  diameter  of  it*  joumall  iii 
c  .i-t  ,.r  wrought-lron  V 

,,  ,,  =  —  =  B-l 


Thi9  number,  in  the  third  column.  II, ■  bi  tween  13*86  and  6  7'.' : 

the  ilianict,  r  ■ 

aay,  '-'-  bohet        For  wnoght-iron  the  diameter  ihould  1  ■■  8 

n  the  number,  B  to  thii  in  the  seventh 

almocl  ooinddea  with  the  quotient  above  obtained. 
The  length  of  the joumali  and  thi 

than  tloir  diameter.     Forlargt    lixes,  it  ahould  bi    l  2d 
uui  f,,r  amalli  i  *th  of  ■ 

wrought-iron  journal,  1*5  inehea  in  diameter,  ahould    I 
(1-5  x  1-6  —   8-86 to   i  ■<  X  2  =)8ln( 
When  ahafb  I  both  a  torsional  and  a  lateral  or 

i  -tr.iin.tli,  diami  tar  of  their  jonmala  ihould  be  determined 
with  reference  to  thatatrain  which  which  of 

itself  woulil  require  the  greatest  ilimensions. 

Winn  ahafta  an-  n<.t  of  any  greet  length    3  to  8  feet,  for  ex- 
am] la    their  diameter  need  not  be  above  ■  ti  nth  greater  than  thai 
of  their  journals,     s.li.l  cast  ir,>n  shafts  of  above  «i\ 
length  should  ha  r<  ne-flfth,  or  even  one-fourth  . 

than  that  of  their  jonmala. 


■ 


Iir       4 


Ami'  ncra  ml  Fri  ■    ■  i    tano  iron) 
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FRICTION  OF  SURFACES  IN  CONTACT. 

1G2.  Friction  is  the  resistance  which  one  surface  offers  to 
another — moving  or  sliding  on  it.  Friction  may  be  distinguished 
as  sliding  friction,  and  the  friction  of  rotation.  The  former  is  that 
which  arises  from  the  simple  rubbing  of  one  surface  upon  another  ; 
the  latter,  from  the  rotation  of  one  surface  upon  another. 

The  friction  caused  by  the  rubbing  of  plane  surfaces  is  inde- 
pendent of  the  extent  of  surface  or  velocity  of  movement ;  it 
depends  essentially  on  the  weight  of  the  body,  or,  more  accu- 
rately, the  pressure  binding  the  two  surfaces  together.  It  may 
therefore  be  said,  that  the  friction  is  in  proportion  to  the  pressure. 

Similarly,  the  friction  of  a  journal  in  its  bearings  is  indepen- 
dent of  the  length  of  these,  but  is  proportional  to  the  diameter 
and  to  the  pressure. 

We  give  tables  for  each  of  these  classes  of  friction,  indicating 
the  ratio  of  the  friction  to  the  pressure,  and  consisting  of  a  series 
of  coefficients,  whereby  the  pressure  must  be  multiplied  in  order 
to  ascertain  the  amount  of  resistance  due  to  friction. 

Table  of  the  Ratios  of  Friction  for  Plane  Surfaces. 


Description  of  Materials. 

Disposition 
of  the  Fibres. 

Condition 
of  the  Surfaces. 

Ratio  of  Friction 
to  Pressure. 

At 
Starting. 

In 

Motion. 

Parallel. 

Do.       | 
Across. 

Do. 

Enthvise 

(on  one  piece.) 

Parallel. 

Do. 

Do. 

Do. 

Do. 

Flat  or  on  edge. 

{-Flat. 

Dry. 

Lubricated  with 

dry  soap. 

Dry. 

Wet  with  water. 

}        Dry. 

Do. 

Do. 

Do. 

Do. 
Wet  with  water, 
f          Do. 
\  Oiled  or  greased. 

Dry. 

Do. 

Do. 

•62 

I    -44 

•44 

•71 

•43 
•38 
•53 
■80 
•62 
•65 
•62 
•12 
f    -47 
I    -28 
•16 
•19 

•48 
•16 

•25 
•19 

Ash,  beech,  or  deal  on  oak, 

•38 

Pump  leather  on  cast-iron, 

•27 

\on  cast-iron  pulley*, 

Wrought-iron  on  cast-iron,.... 

■19 

Example. — What  power  is  necessary  to  raise  an  oaken  flood- 
gate weighing  30  lbs.,  and  against  which  a  pressure  is  exerted 
equal  to  700  lbs.  ? 

We  have 

(■71  X  700  =)  497  +  30  =  527  lbs.  at  starting, 
and  (-25  X  700  =)  175  +  30  =  205  when  in  motion, 
supposing  the  pressure  continues  the  same. 


Table  of  the  liatios  of  Friction  for  Journals  in  Bearings. 


Description  of  Materials. 


Cast  or  wrought-iron  journals,  in"} 
cast  or  wrought-iron,  brass,  or> 
gun-metal  bearings, ) 


Cast-iron  in  cast-iron,. , 


L 

Cast-iron  in  brass  or  gun-metal,..  / 


Cast-iron  in  lignumvitay. 


Lubricated  with  oil  or  lard, 

Similarly  lubricated  and\ 
wet  with  water, ) 

Lubricated  with  ordi-) 
nary  oil,  and  wet  with  [* 
water ) 

Greased, 

"i  Greased  and  wet, 

Unlubricated, 

Lubricated  with  oil  and 
lard, 

Lubricated  with  a  prepa- 
ration of  lard  anJplum- 


Wrought-iron   in  brass  or  gun- 
metal,  ' 


Wrought-iron  in  lignumvitze,. 


Greased, 

Greased  and  wet, 

Badly  lubricated, 

Lubricated  with  oil   and 

lard, 

Lubricated  with  ordinary 


Ratio  of  Frictic 


Rule. — To  determine  the  frictional  pressure,  f,  acting  on  the 
bearings  of  a  journal,  always  bearing  in  mind  the  weight  of  the 
shaft  and  the  gear  carried  by  it,  the  power  transmitted,  as  also  the 
resisting  load  :  Multiply  the  product  of  these,  P,  by  the  coefficient,  c, 
to  obtain  the  amount  of  friction ;  next  multiply  this  by  the  constant 
■08,  and  by  the  diameter  d.,  in  inches,  (or  by  -08  d.,)  to  obtain  the  amount 
per  revolution  ;  and,  finally,  multiply  this  by  the  number  of  revolutions 
in  a  minute,  which  will  give  the  amount  of  power  consumed  by 
friction  during  this  unit  of  time. 

Example. — What  amount  of  power,  A,  is  absorbed  by  the 
friction  of  the  journals  of  a  cast-iron  shaft  revolving  in  bearings ; 
also,  of  cast-iron,  under  the  following  conditions  ? 

The  diameter  at  the  journals  —  5  inches. 
The  pressure  of  the  shaft  and  gear  =  20,000  lbs. 
The  velocity  =  5  revolutions  per  minute. 
According  to  the  table,  the  coefficient,  c,  is  -075. 

Here  we  have — 

P  =  -08  d  X  e  X  P, 

=  -08  X  5  X  -075  X  20,000  =  3,000  lbs. 


CHAPTER  IV. 
THE  INTERSECTION  AND  DEVELOPMENT  OF  SURFACES,  WITH  APPLICATIONS. 


163.  Nowhere  is  descriptive  geometry  more  useful,  in  its  appli- 
cation to  the  industrial  arts,  than  in  the  determination  of  the  lines 
of  intersection,  or  junction,  of  the  various  solids,  whether  the  in- 
tersection be  that  of  two  similar  solids  with  each  other,  as  a 
cylinder  with  a  cylinder  ;  or  of  dissimilar  ones,  as  a  cylinder  with 


a  sphere  or  a  cone.  With  the  aid,  however,  of  this  branch  of 
geometry,  we  can  determine,  in  the  most  exact  manner,  the  pro- 
portions of  all  the  curves — of  double  as  of  single  curvature — which 
may  be  produced  by  the  intersections  of  surfaces  of  revolution, 
the  constructive  or  generative  data  of  which  are  known. 


N 


"1111-  PRACTICAL  DRAUGHTSMAN'S 


The  applications  of  forms  in  which  such  curves  occur  is  ex- 
'-,  numerous;  they  •botnnl  in  the  works  •■■  I 
tiiumit1  ■  >•■  builder,  and  the  a- 

u  well  M  in  all  description*  of  machinery 
indeed,  bo  incomplete,  were  ■ 

these  cir  diar  to  the  student.      Intimately  connected 

al- 1  with  this  hnuich  I  : 

surfaces;  that   i«,  tin  -   of  the   dimensions  of  such 

surfaces   when   exten  led   in  a  [riant,  so  th.it  the  WOrkmu  may  he 
d  Ml  such  pice,  with  tbi  t lair  taking  tho 

form,  and  t  them. 

Tho  study  of  pTQJeotione,  i  prises  tho  methods  of 

delineation  of   such  00  |   r'ls,  and    serp 

which  fretJUl ntly  00601    in  mechanical    and    architectural    con- 
struction. 


Till:  DfTERSEI  nONS  AND  DEVELOPMENT  OF 
(  J  LLNDER8  AND  CONES. 

it. \ 1 1:  xiv. 

Ill  I  |    AM)    1101LERS. 

164    Tin  Intersections  of  cylindrical  or  conical  surfaces  may 

Bt  of  either  single  or  douhle  curvature.      A  curve  is  said 

to  possess  ac/>"  .  when  it  is  not  situate  wholly  in  one 

plane.    The  problem  to  be  considered  in  representing  the  line*  of 

interscc  |   nnination  in succession  of  the 

I  j  lints  in  the  carve,  and  the  completion,  by 

tracing  the  projections  of  the  entire  curves  through  the  point! 

thus  found.    Tin-  principle  generally  to  be  followed  in  these  cases 

linden,  for  instance,  to  been)  by  one  and  the 

same  plane — their  intersection  in  thai  plane  being  B  poinl  in  the  line 

sought.     Tims,  to  obtain  a  point  in  the  lit i   intersection  of  two 

riL-lit  cylinders,  \  and  b,  represented  in  fi  re.  1  and  2,  daw  any  plana, 

die]  to  the  axes  Of  both  cylinders.      This  plane  cuts  the 

vertical  cylind  ■   l  horisontally  in  the  poinl 

and  as  projected  rertically  throngh  the  lines, e1  i '•'.  ami  /"'  /-'.     The 
•  :l  cylinder, b, is  cut  In  e  din  the  horizontal  projection, 
and  in  4  of  in  the  vertical  projection,  which  latter  ia  obtained  as 
follows:--  The  semi-base,  o  i,  of  the  cylinder,  b,  is  drawn  in  plan 

as  in  fig.  1';   then  prolonging  id  until  it  cuts  this  plan  in 

jrn  the  diatai tf  h,  of  the  catting  plane  from  the  axis  of  the 

cylinder;  this  distance  is  than  trao  fern  Itoti  ,  fig.  2,  and  throngh 

<■    the  1  h.iwn   as   required.       The   points,   «\  f,  of 

',  with  the  linos,  s1  e*,/1/1,  are  points 
in  the  intersecting  lit  ly  on  each  side  of  th 

cylinder,  A. 

By  repeating   this  operation   with   another   piano,  as  m  n, 

parallel  to  tie    lii   I.  ..lie  r   tWO    points  will    oh\  i.ni-ly  he    found,  U 

P  ami  o'.    Tii,.  extreme  points, d ,  V,  are  naturally  determined 

by  the  Intel  action  of  th itlinea  of  the  eylinda        \ 

point,  V,  it  ii  fonnd  by  me  uu  of  the  imaginary  plane. ,, ,   • 

tial  to  the  vertical  cylinder,  i,  and  also  to  the  horizontal  one,  n, 

when,  as  in  this  case,  the  two  arc  of  equal  diameter. 


As  many  points  having  been  found  as  constitute  a  sufficient 
guide,  a..  drawing,  and  I 

portion  between  the  mion  into  one 

tion.     It  will  be  observed  that,  In  fig.  J,  th 
this  curve  is  a  straight  line,  as  a  b ',  or  b 

right  angles  to  each  I  '  fact,  that  the 

oylindi  i  -  this  illustration  arc  of  equal  diame- 

ter, and  have  their  ax.-  situate  in  the  same  plane,  and  at  right 
i  mamu  r  thai  I  inter- 

which  are   elliptil  .1.  lie   in  a  plane  at  rig!.: 
plane  of  the  rei  n.     It  follows,  then,  that  this  pecu- 

liarity  being  known,  all  thai  is  neo  asary  in  similar  cases — that  is, 

when   two   equal  right    cylinders,  having  tl  the  same 

ply  to  draw  tint  i  Groin  th. 

points,  a  and  /.-,  to  the  suuimit,  b',  the  projection  of  tin    ; 

intersection  of  their  axes — lie 

in  such  cases,  altogether  dispensed  with. 

166.  When  the  cylinders  are  of  unequal  diameters,  the  curve 
of  intersection  becomes  one  of  double  curvature,  notwithstanding 
that  the  axes  "l"  the  cylinder-  may  lie  in  the  same  plane.  Thus, 
figs.  7  and  8,  which  represent  two  intersecting  cylindara,  a  and  p, 
of  very  different  magnitudes,  shoe  thai  the  ourvt 
a'  V  /.'.  drawn  according  ti>  the  method   I  ia  one  of 

double  enrvatm  the  more  Battened  al  V,  a 

as  the  diameters  of  the  oj  I, ml.  re  di  I    r.  adet  it  quite 

plain    that    the    operation   is    tho  same,  we  have   indicated   the 
various  points  obtained,  by  the  same  letters  which  mark  : 
responding  points   in   tigs.   1    and   2.      We  most    further  remark, 

that  in  tigs.  7  and  B  the  cum-  is  determined  with  • 

of  two  elevation.-,  taken  at  ti  •  ach  other;   whilst,  in 

figs.  1  and  2,  an  elevation  and  a  plan  were  employed,  similarly,  at 
right  angles  to  each  other. 

We  -how  the  application  or  exemplification  of  this  curve  in 

figs.  4  and  6,  which  repi  .n-engine  boiler,  C,  seen  partly 

tion   and  partly  in   section,      The  tubular   piece.  D,  which 

i-  a  epeeiea  of  uian-h.de,  is  mppoaed  t"  bt  ayUndrieal,  and  is 
attached  to  the  body  of  the  boiler  by  means  of  a  Bangs,  which 
gives  rise  to  the  external  intersections^  corvee,  a  6,  c  i/,  and  the 

internal  one.  I  /. 

mi.  isiiK-n  ins   oi  a  0OM1  «mi  a  sii; 
1GG.  Whenever  n  0000  is  cut  by  a  plane  paraUi  1  to  it-  baae,  the 
set  tion  presents  an  ontline  similar  t..  thai  of  the  base ;  then,  when 

the  cone  under  OOnsidl  ration  is  a  right  cone  of  a  circular  base,  all 
such  parallel  sections  are   circles.      Thus,  in  tigs.  3  and  ."■ 

I    r.  b',  the    plan.-../   /..parallel  to  its   base, 

a  n ,  cuts  the  cone  so  as  to  pn  of  which  the  diameter 

I-,  oontained  within  the  extreme  generatri 

If,  then,  with  the  centre,  s.  and  radius,  a  ,s  =  u  0-^-2,  wo  describe 

a  circle,  it  will  be  the  outline  of  thai  pari  of  the  cone  into 

by  the  cutting  plane. 

ction  .•!'  a  sphere-,  o,  bj  any  plane  whatever,  il  also  a 

circle.  Wh.n  thi-  cutting  plane,  a  I, ,  for  in-;. on  a,  i-  p.  rpciidicu- 
lar  to   the   pi.,  ted  as  a 

Straight  line,  as  in  fig.  3*,  and  as  a  circle,  as  iu  fig.  3.  in  • 


H H 


Kio'  G: 
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of  projection  to  which  it  is  parallel.  It  follows,  from  the  existence 
of  these  respective  properties,  that  we  have  at  hand  a  very  simple 
method  for  determining  the  curve  of  intersection  of  a  cone  with  a 
sphere,  whatever  may  be  the  relative  position  of  their  axes.  This 
method  consists  in  supposing  a  series  of  parallel  planes  to  cut 
both  the  cone  and  the  sphere,  so  as  to  produce  circular  sections 
of  both — the  intersections  of  the  outlines  of  which  will  conse- 
quently be  points  in  the  curve  sought,  as  indicated  in  fig.  3. 

The  intersection,  a'b',  is  a  circle,  the  diameter  of  which  is  limited 
by  the  extreme  generatrices,  s'a',  s'b,  of  the  cone,  where  they 
encounter  the  great  circle  of  the  sphere,  c.  The  same  method 
holds  good  when  the  cone  is  cut  by  any  plane,  a '  g,  inclined  to  the 
base,  the  outline  of  the  section  being  in  this  case  an  ellipse,  which 
is  projected  in  the  plan,  fig.  3,  by  the  line,  ai"  g'ri,  the  resultant 
of  the  various  intersections  in  the  planes  adopted  in  the  construc- 
tion and  obtainment  of  the  curve. 

The  same  occurs  with  the  intersection  of  a  cone,  a'  b'  s',  with  a 
cylinder,  a'b' df;  and  when  their  axes  lie  in  the  same  straight 
line,  the  intersection,  a'  b',  is  also  a  circle,  the  diameter  of  which 
is  equal  to  that  of  the  cylinder. 

167.  If  their  axes  are  parallel,  though  not  in  the  same  straight 
line,  the  intersection  of  these  two  surfaces  becomes  a  curve  of 
double  curvature,  which  may  be  determined  either  according  to 
the  method  adopted  in  reference  to  figs.  1  and  3,  or  by  supposing 
a  series  of  planes  to  cut  the  cone  parallel  to  its  base,  and  conse- 
quently at  right  angles  to  the  generatrix  lines  of  the  cylinder ;  by 
this  means  circular  sections  will  be  produced,  those  of  the  cylinder 
being  always  the  same,  but  those  of  the  cone  varying  according  to 
the  distance  of  the  planes  from  its  apex.  The  points  of  intersec- 
tion of  the  various  circles  representing,  respectively,  sections  of 
the  cone  and  cylinder,  will  be  points  in  the  curve  of  intersection 
sought. 

DEVELOPMENTS. 

168.  By  this  term  is  meant  the  unrolling,  extending,  or  flatten- 
ing out  upon  a  plane,  of  any  curved  surface,  in  order  to  ascertain 
its  exact  superficial  measurement. 

The  more  generally  used  surfaces  or  forms  which  are  capable 
of  development  in  this  manner,  are — the  cylinder,  the  cone,  prisms, 
pyramids,  and  the  frusta,  or  fragments  of  these  solids. 

Tin  and  copper-smiths  and  boiler-makers,  who  operate  upon 
metals  which  come  into  their  hands  in  the  form  of  thin  sheets, 
have  continually  to  transform  these  sheets  into  objects  which  are 
analogous  in  form  to  these  solids. 

To  do  their  work  with  skill  and  exactitude,  and  not  by  mere 
guess,  and  also  to  avoid  the  cutting  of  the  material  to  waste,  they 
should  make  plans  of  the  whole  or  part  of  the  object  as  finished, 
so  that  they  may  calculate  the  exact  development  of  the  surface, 
both  as  to  form  and  size,  and  cut  it  at  once  from  the  sheet  of 
metal  with  all  possible  precision. 

THE   DEVELOPMENT   OF   THE   CYLINDER. 

169.  Here,  taking  fig.  2,  which  we  have  on  a  former  occasion 
considered  as  a  couple  of  solid  cylinders,  to  represent,  in  the 
pTesent  case,  two  pipes  or  hollow  cylinders  formed  of  thin  sheet 
metal,  let  us  set  about  ascertaining  what  should  be  the  shape  and 
size  of  the  pieces  of  metal  as  extended  out  flat,  of  which  these 


two  cylinders  are  to  be  formed.  It  is  to  be  observed,  in  the  first 
place,  that  the  rectification  or  development  into  a  straight  line  of 
a  circle,  is  equal  to  its  diameter  multiplied  by  3-1416,  &c. ;  whence 
the  development  of  the  base,  pq,  of  the  right  vertical  cylinder,  a, 
fig.  2,  of  which  the  diameter  measures  -322  metres,  is  obviously 
equal  to  -322  X  3-1416  =  1012  m. 

This  length,  then,  1-012  m.,  is  set  off  on  the  line,  mm,  fig.  10, 
and  the  circumference  having  been  divided  into  a  number  of  equal 
parts,  as  was  done  to  obtain  the  curve  of  intersection  of  the  two 
cylinders  in  fig.  1 ;  the  line,  m  m,  is  divided  into  the  like  number 
of  equal  divisions.  Through  each  of  these  points  of  division, 
perpendiculars  are  erected  upon  the  line,  m  m,  representing  so 
many  generatrix  lines  corresponding  to  those  of  the  cylinder,  A, 
fig.  2;  and  for  the  sake  of  greater  intelligibility,  we  have  marked 
the  corresponding  lines  by  the  same  letters.  Next,  on  each  of 
these  are  set  off  distances,  m  b',  e'e2,  I'P,  pa,  f  p,  o'er*,  Q,k',  &c, 
equal  to  the  respective  distances  in  fig.  2.  By  this  means  are 
obtained  the  points,  V,  e,  V,  &c,  in  fig.  10,  through  which  the  curve 
passes  which  forms  the  contour  of  intersection  corresponding  to  that 
portion  of  the  semi-cylinder,  b'ab",  fig.  1,  which  is  intersected  by 
the  horizontal  cyhnder,  b;  and  a3  the  other  half  of  the  cylinder  is 
precisely  the  same,  the  curve  has  simply  to  be  repeated,  as  shown 
in  fig.  10. 

It  is  unnecessary  to  detail  the  method  of  finding  the  develop- 
ment of  the  horizontal  cylinder,  B,  as  it  is  identical  in  principle 
to  that  just  discussed. 

It  may  be  gathered  from  the  above  exemplification,  that  the 
principle  generally  to  be  followed  in  obtaining  the  development  of 
cylindrical  surfaces,  is,  first,  to  unfold  it  in  a  direction  at  right 
angles  to  one  of  its  generatrices,  or  in  the  direction  the  generatrix 
takes  in  the  construction  of  the  solid,  and  then  to  set  off  from  the 
straight  line  thus  produced,  at  equal  distances  apart,  any  number 
of  distances  previously  obtained  from  the  projections  of  the  out- 
line or  line  of  intersection  when  the  cylinder  is  joined  to  another, 
or  of  its  section  when  cut  by  any  plane.  The  curve  of  this  out- 
line is  finally  obtained  by  tracing  a  line  through  the  extremities 
of  the  generatrices,  drawn  perpendicular  to  the  base. 

THE   DEVELOPMENT  OP  THE    CONE. 

170.  As  in  the  case  of  the  cylinder,  so  likewise,  in  order  to  find 
the  development  of  the  cone,  do  we  unfold  it,  as  it  were,  in  the 
direction  of  motion  of  its  generatrix.  Now,  as  all  the  generatrices 
of  a  right  cone  are  equal,  and  converge  to  one  point,  the  apex,  it 
follows  that,  when  the  conical  surface  is  developed  upon  a  plane, 
these  generatrices  will  form  radii  of  a  portion  of  a  circle ;  conse- 
quently, if  with  one  of  the  generatrices,  as  a  radius,  we  describe 
a  circle,  and  cut  off  as  much  of  the  circumference  as  shall  be  equal 
to  that  of  the  base  of  the  developed  cone,  we  shall  obtain  a 
sector  of  a  circle  equal  in  area  to  the  lateral  surface  of  the  cone,  as 
developed  upon  a  plane. 

Fig.  9  represents  the  development  of  the  frustum,  or  truncated 
cone,  a'  b',  a'  b',  as  projected  in  fig.  3",  and  of  which  the  apex 
would  be  s',  were  the  cone  entire.  The  operation  is  as  fol- 
lows : — ■ 

We  shall  suppose  the  cone  to  be  developed  in  the  direction 
taken  by  the  generatrix,  s'  a',  fig.  3" ;  therefore,  with  a  radius  equal 


- 


the  practical  man. in-' 


to  s'  a',  an 'I  with  the  eentre,  »',  describe  the  fragment  of  a  circle, 
a'  B-  a',  fig.  9. 

circular  base,  A  B,  fig.  3,  of  (he  cone  into 
aotne  arbitrary  number  of  equal  parts,  nay  16,  and  having  drawn 
the  resjiective  genera'  _'  -.  3  s,  Ac,  act  off  on  the  arc, 

a'  u'  a',  fig.  9,  an  tqnal  number  of  area,  each  equal  to  the  respec- 
tive arc*  obtained  by  the  subdivision  of  I 

'  l  thus  obtained.   1    i  3  .  ft*.,  fig.  9,  draw  the  radii, 
DtfabJ  geueratricc*  corresp 
those  projei  ti  1  in  fig.  3. 

By  this  operation  we  obtain  the  development  of  the  entire  cone, 
and  find  that  it  9,  the  circular 

to  tli.it  of  the  base  of  the  c«  i 
I  .  Iv  a  plane,  n't', 

fig.  3,  parallel  :  t  to  a  frustum  of  a  cone ; 

the  dei  .•■  conical  surface  of  which  i.s  equal  to  the 

space  contained  between  the  arc,  a'  b'  a',  corresponding  to  the 
base  of  the  cone,  as  i  I,  and  the  arc, 

radius,  drawn  with  the  same  centre,  s  .  and  with  a  radius 
the  generatrix,  s'  a ,  of  the  portion  of  the  cone  taken  away. 

The  development,  then,  of  the  truncated  0  :ment  of 

an  annular  space,  distinguished  in  tig.  9  by  a  flat  tinted  shade. 

171.  [a  the  CBM  of  a  truncated  cone,  of  which  the  dividing  plane 
is  inclined  to  the  base,  as  a  g,  fig.  3",  instead  of  being  parallel,  or 
if  the  cone  is  joined  to  a  cylindrical  or  spherical  body,  and  the  line 
of  intersection  is  curved  in  any  way.  thl  >!■  velopment  of  I 

of  the  conical  surface  will  no  longer  take  the  form  of  the  arc,  acb, 
fig.  9.  Its  true  representation  will  be  obtainable  by  setting  off,  on 
the  several  radii,  fig.  9,  lengths  corresponding  to  the  r 

es  as  intercepted  by  the  plane,  or  curve,  of  intersection. 
In  order  to  obtain  the  lengths  of  the  respective  generatrices,  which 
can  be  done  from  the  vertical  projection,  fig.  3*,  each  intermediate 
one,  as  4  i'.  ftc.,  must  be  squared  across  to  an  extreme  one,  as  at 
a'  i,  and  indicated  by  the  horizontal  lines;  this  will  give  the  exact 
length  of  each— being  otherwise,  as  projected,  considerably  fore- 
1  n  of  the  cone  by  the  inclined  plane, 

i",  produces  an  ellipse,  the  development  of  which,  in  fig.  9, 
takes  the  form  of  the  curve,  a  i  g  b. 

In  the  construction  of  th.  m  nted  in  figs.  4  and  5, 

formed  of  several  pieces  of  sheet  metal,  we  shall  find  ex- 

[.plications  of  the  principles  just  discussed.      It  must   be 

DORM  in  mind  that,  in  calculating  the  development,  or  the  size  and 

shape  of  the  c  :  .  an  allowance  must  be  made  for  the 

tap  of  the  piei  ■  |  irpose  of  join 

I  in  the  drawing. 

172.  In  cylindrical  steam  boilers,  the  extremities  are  generally 
constructed  in  the  shape  of  hemispheres  this  form  offering  the 
greatest  resistance  to  int.  rnal  ..r  external  p 

I    up. .u  a  plane,    thl  N  hi  mi- 

■  1  ends  cannot  be  in  .  .  ■  cast  or 

In  pr.-icti.  ••  t lii-  difficulty  is  overcome,  by  forming  this 

;  in  boo  B  to  B  •    the  aise  of  thi 

these  being  sun  \i,,  r  being  cut 

I  arc  hammered  to  give  them  the  necessary 

In  fig.  C,  we  give  a  practical  method  of  approximately  determining 


the  development  of  one  of  such  gone ;  this  consist*  in  drawing 
<..',  an  arc,  m  *,  corresponding  to  the  radius  of  the 
i  re.      On  this  arc,  from  m  to  n,  set  off  the  circular  length 
re  ;  *.t  off,  also,  thi  ..rrcsjionding  to  one  of 

-.  as  seen  in  t!  •  In  the  arc.  •*  n, 

fig.  6,  mark  an  arbitrary  number  of  points,  at   equal  distances 
6;  draw  through  these  horizontal  1. 
|  the  various  radii,  e  I 
,  with  which  arcs  are  drawn  as  indicated;  the  rectifica- 
tion, or    !  .      •  ,.  arc4j  contained  between  tl 
p  o\  g  o\  are   then  obtained,  and  transferred  to  perpendiculars 
drawn  thl  .  on  the  line,  o  n',  which  is 

..th  its  series  of 
divi-ious.     Than,  Bran  the  are,  ■  j,  is  obta  7,  and 

similarly  the  ■  I  uliich  is  an  approximation  to 

■icd  out.  The 
necessary  allowance  for  Up  is  superadded,  as  shown  by  the  fiat 
tinting  in  the  drawing,  fig.  C.  t  to  this  outline  in  sheet 

metal  is  then  luunni.  .  r   form   upon  a  mandril,   or 

anvil,  with  a  spherical  surface. 


Tin:  DELINEATION  AND  DEVELOPMENT  OP  III 
BCREW8,  AND  BERPENTD 

PLATK      XV. 


173.  That  curve  is  called  a  cylindrical  helix,  which  may  be 
said  to  be  generated  by  a  pou 

having,  at  the  same  time,  a  motion  in  the  direction  of  t! 
of  the  cylinder— this  longitudinal  motion  bearing  some   regular 
prescribed  proportion  to  the  circular  or  angular  motion      The  dis- 
tance between  any  two  points  which  are  1 

and  in  the  same  straight  line  penile]  to  the  axis  of  the  cylinder. 
is  called  the  pitch— in  other   word-,  the  longitudinal  distance  tra- 
by  the  generating  point  during  one  revolution. 

This  definition   at    once  suggests  a  method    of   drawing  the 
D    of  this   curve,  w). 
Cylinder  and   the    pitch  are    known.       This   method  00) 
dividing  the    circumference   of  the  base  of  I  into  any 

ttsfflber  of  eanal  pan-,  .ml  drawing  parallels  to  tin   .vi-  1 
the  points  of  division  projected  on  the  vertical  plane;  el  the  same 
time  a  portion  ■  .livid.  .1 

into  the  like  number  of  equal  parts,  and  as  many  lines  must   be 
drawn  perpendicular  to  the  axis.      The   intersections  of  the  cor- 
ling  lines  of  each  set  will  be  points  in  the  curve. 
Let  A  snd  A',  figs.  1  tal  an  1  \.  rtic.il  pro- 

jections of  aright  cylinder,  and  .1'  — <i:  the  length  of  the  pitch  of 

the  helix,  generated  bj  the  tu,?aua,ai  already  defined,  of  the 

point  projected  in  .1  a 

la  described  with  the  radius,  a  o,  and  representing  the 
base  of  the  cylinder,  i»  diw ■'■■  1  parts,  start 

the  pain)  1  each  of  the  points  thoa  obtained 

tical  line  is  drawn.  The  pitch,  a'  <i\  is  similarly  divided  into  12 
equal  parts,  and  a  corresponding  number  of  horizontal  lines  are 
drawn  to  cut  the  vertical  ones  in  the  point- 
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points  are  next  connected  by  the  continuous  line,  a',  1',  3',  6',  9', 
ar,  which  forms  the  vertical  or  lateral  projection  of  the  helix. 

Half  of  this  curve  is  indicated  by  a  sharp  full  line,  as  being  on 
the  front  surface,  a,  3,  6,  of  the  cylinder,  whilst  the  other  half  is 
in  dotted  lines,  representing  the  portion  of  the  curve  which  is  on 
the  other  side,  a,  9,  6. 

The  number  of  divisions  of  the  circumference  of  the  cylinder 
is  a  matter  of  indifference  as  regards  the  accurate  delineation  of 
the  curve,  and  it  is  therefore  natural  to  choose  a  number  that 
calls  for  the  simplest  operations — an  even  number,  for  example, 
as  6,  8,  or  12  ;  and  in  the  present  instance,  wherein  the  starting 
point,  a,  lies  in  the  horizontal  diameter,  a  6,  of  the  base,  it  will 
be  observed  that  two  points  occur  in  the  same  vertical  line,  as 
2—10,  which  gives  the  points,  2',  10',  in  the  vertical  projection. 

The  operations  will  be  similar,  if  the  given  starting  point  be 
diametrically  opposite  to  a,  as  b',  the  pitch,  V  lr,  being  equal  to 
a1  a2. 

174.  The  conical  helix  is  different  from  the  cylindrical  one, 
simply  in  that  it  is  described  on  the  surface  of  a  cone  instead 
of  on  that  of  a  cylinder,  and  the  operation  consequently  differs 
very  slightly  from  the  one  before  described ;  the  horizontal  and 
vertical  projections  of  the  cone  are  given,  and  also  the  pitch. 
Fig.  3  is  the  vertical  projection  of  a  truncated  cone,  C,  the  bases 
of  which,  a'  b',  c'  d',  are  represented  in  the  plan,  fig.  1,  by  the 
concentric  circles  described,  with  the  respective  radii,  a  o  and  c  o. 
The  outer  circle  having  been  divided  as  already  shown,  radii  are 
drawn  to  the  centre,  o,  from  all  the  points  of  division,  1,  2,  3, 
&c,  which  cut  the  inner  circle  in  the  points,  e,f,  g,  &c.  These 
points  are  then  projected  upon  the  upper  b.;se,  c'  d' ,  in  fig.  3,  those 
on  the  outer  circle  being  similarly  projected  on  the  lower  base, 
a'  b' ;  the  respective  points  in  each  base  are  next  joined,  thus  form- 
ing a  series  of  generatrices  of  the  cone,  as  l2 — e\  22—/2,  o1 — o2,  &c, 
which  would  all  converge  in  the  apex,  if  the  cone  were  complete. 
These  lines  are  cut  by  horizontals  drawn  through  a  corresponding 
number  of  divisions  in  the  length  of  the  given  pitch,  a  c,  and  the 
points  of  intersection  thus  obtained  lie  in  the  curve  which  it  is 
required  to  draw.  The  horizontal  projection  of  the  curve  is  then 
obtained  by  letting  fall  from  the  points  of  intersection  last  ob- 
tained, a  series  of  verticals  which  cut  the  respective  radii  in  the 
plan,  fig.  1.  This  produces  a  species  of  spiral,  or  volute,  e3,  /3,  </', 
ft3,  23,  &c.  By  following  out  the  same  principles,  helices  may  be 
represented  as  lying  upon  spheres,  or  any  other  surfaces  of  revo- 
lution. 

THE  DEVELOPMENT  OF   THE   HELIX. 

175.  It  will  be  recollected  that  a  cylinder,  and  also  a  cone,  are 
capable  of  being  developed  upon  a  plane  surface,  and  that  the 
base  of  either,  when  rectified,  or  converted  into  a  straight  line,  is 
equal  to  the  diameter  multiplied  by  31416.  Let,  then,  a  6,  fig. 
4,  be  a  portion  of  the  development  of  the  base  of  the  cylinder, 
a,  figs.  1  and  2 ;  to  obtain  the  development  of  the  helix  drawn 
upon  this  cylinder,  we  must  first  divide  it  off  into  lengths,  corre- 
sponding and  equal  to  the  arcs  obtained  by  the  division  of  the 
circle,  a  o.  On  each  of  the  divisions  thus  obtained,  as  1,  2,  3, 
&c.,  we  then  erect  perpendiculars,  making  them  equal  respectively 
to  the  distances  from  the  starting  point,  a,  of  the  several  divisions 


of  the  pitch.  The  extremities  of  these  perpendiculars,  as  1',  2', 
3',  &e.,  will  be  found  to  lie  in  the  same  straight  line,  a  6',  which 
consequently  represents  the  development  of  a  portion  of  the 
helix.  In  general,  the  development  of  a  helix  is  a  straight  line, 
funning  the  hypothenuse  of  a  right-angled  triangle,  the  base  of 
which  is  equal  to  the  circumference  of  the  cylinder,  and  the 
height  to  the  pitch  of  the  helix. 

Several  helices  drawn  upon  the  same  cylinder,  and  having  the 
same  pitch,  or  a  helix  which  makes  several  convolutions  about  a 
cylinder,  is  represented  by  a  series  of  parallel  curves,  the  distance 
between  which,  measured  on  any  line  parallel  to  the  axis,  is 
always  equal  to  the  pitch. 

The  development  of  the  conical  helix  may  be  obtained  by  means 
of  an  operation  analogous  to  that  employed  for  the  development 
of  the  cone  (Plate  XIV.) ;  and  in  this  case  the  result  will  be  a 
curve,  instead  of  a  straight  line. 

We  meet  with  numerous  applications  of  the  helical  curve  in  the 
arts,  for  all  descriptions  of  screws ;  and  staircases,  and  serpentines. 


176.  Screws  are  employed  in  machinery,  and  in  mechanical 
combinations,  either  for  securing  various  pieces  to  each  other,  so 
as  to  produce  contact  pressure,  or  for  communicating  motion. 
Screws  are  formed  with  triangular,  square,  or  rounded  threads  or 
fillets. 

A  screw  is  said  to  have  a  triangular  thread,  when  it  is  generated 
by  a  triangle,  isosceles  or  not,  the  three  angles  of  which  describe 
helices  about  the  same  given  axis,  situate  in  the  same  plane  as  the 
triangle.  Figs.  5  and  5"  represent  the  projections  of  a  triangular- 
threaded  screw,  such  as  would  be  generated  by  the  helical  move- 
ment of  the  triangle,  a'  b'  c',  of  which  the  apex,  a',  is  situate  on 
a  cylinder  of  a  radius  equal  to  a.  o,  and  of  which  the  other  angles, 
b'c',  are  both  situate  on  the  internal  cylinder,  having  the  radius, 
6  o,  which  is  called  the  core  of  the  screw,  and  is  concentric  with 
the  first.  The  difference,  a  b,  between  the  radii,  a  0  and  b  o,  in- 
dicates the  depth  of  the  thread. 

When,  as  in  the  case  taken  for  illustration,  the  screw  is  single- 
threaded,  the  pitch  is  equal  to  the  distance  between  the  two  points, 
V  and  c  ;  that  is,  to  the  base  of  the  triangle.  The  screw  is  one  of 
2,  3,  4,  or  5  threads,  according  as  the  pitch  is  equal  to  2,  3,  4,  or 
5  times  the  base  of  the  generating  triangle.  From  what  has 
already  been  discussed,  the  method  of  delineating  the  triangular- 
threaded  screw  will  be  easily  comprehended  ;  for  all  that  is  neces- 
sary is  to  draw  the  helices,  generated  by  the  three  angular  points, 
in  the  manner  shown  in  reference  to  figs.  1  and  2.  We  have, 
notwithstanding,  given  the  entire  operation  for  one  semi-convolu- 
tion of  the  thread,  in  figs.  5  and  5".  When  one  of  the  curves,  as 
a  3'  6',  is  obtained,  it  is  repeated  as  many  times  as  there  are  con- 
volutions of  the  thread  on  the  length  of  the  screw.  To  do  this 
with  facility,  and  without  repeating  the  entire  operation,  it  is 
customary  to  cut  out  a  pattern  of  the  curve  in  hard  card-board, 
or,  by  preference,  in  veneer  wood ;  then  setting  this  pattern  to  the 
points  of  division,  d'  e'f,  previously  set  off,  the  curves  are  easily 
drawn  parallel  to  one  another.  The  same  may  be  done  with  the 
inner  helical  curves. 

It  must  be  observed,  that,  to  complete  the  outline  of  the  screw, 
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these  v.i  |iiirctobo  joined  by  the  port. 

which.  ■  are  drawn  a*  simpl. 

•hould,  if  it  ise 

and  tan 

in  fig.  'o  ■'■•■  retail  of  a  - 

by  the  i 

ig  triangle.     In 
and  til 
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by  a  square  or  by  a  r  of  which  lie  in 

■  f  which 
I       Saudi 
i  isquare-thn 

b  (I        The  h.iri.-.nt.d  ^i'li  . 
ill.'  depth.      The  height,  fl/oT,  marks  the  width  of  the 

thread,  and  it  4  i-  the  width  of  the  interval,  which  is  generally 
equal  to  that  of  the  thr.  ad. 

When  the  icrew  i<  tingle-threaded,  the  pitch,  a  r,  is  equ.il  to 

widthl  of  the  thread  and  of  the  interval,  or,  in  the 

to  twice  the  Bide  of  the  square.     Of  course,  when 

I  time*  a  e7,   the  screw  is  2,  3,  or  4- 

having  as  many  intervals  as  threads.     The 

I   I  for  in  delineating  the  screw  of  a  Bingle  square 

ire  fully  indicated  upon  the  figures.     The  delineation  of  a 

:  several  thread?  does  not  possess  any  additional  points  of 

difficulty. 

INTERNAL  SCREWS. 

178.  An  internal  screw,  or  nut.  is  a  screw  in  intaglio,  cored  out 
of  a  solid  body — instead  of  being  in  relief,  and  having  the  mat.  rial 
cut  away  from  it — in  such  a  manner  that  its  more  indented  portions 

ad  to  the  more  elevated  portions  of  the  common  or  ex- 

'.ilst  the  more  indented  portions  of  the  latter  COT- 

•    •  I  portions  of  the  former.     In  order  to 

UetS  or  threads  Of  the  internal  screw,  it  is 
necessary  to  section  it  by  a  plane  passing  through  its  axis ;  it  i»  in 
this  manner  that  we   I  1   the  nut-,  mnpg,   in  flge. 

.  the  firs!  having  a  triangular  thread  titling  to  and  em- 
bracing the  screw,  n,  which  is  represented  as  just  introduced  into 
,  larlv  adapted  to  the  screw,  B. 
Ii  f.]''  thai  we 

the  hall'  of  each  Corp  portion  of 

.    D  and  I.  ;   Bod  110*  of  this  the 

hi  li  il .  orves  are  inclined  in  the  opposite  direction  I 

the  anterior  port 

n  'a-  are  distinguished  a-  right-handed  screws,  of  which 

I  in  relief  rise*  from  the  lefl  tothe  right,  ai  in  the  screws, 

i  a-  left-handed  when  the  thread  takeethe  direction  from 

for  example,  in  the  direction  taken  by  the 

!•  preeentingth*  ante,  d,  a, 

. 

I79.fi  i  in  practice  to  a  |ipe  or  tide 

form;  but,  in  geometry,  it  is  the  term  given 

to  the  I  I   1  ;.  a  tphl  r.  ,  the  c.ntrc  of  which  traces  a 

hclicoidal  pith. 


it  for  ]  pea,  such 
as  the  worm  of  a  distilling  apparatus  or  solid,  as  for  metal 

The  lir-t   thing  to  1  ■■ 
mine  the  h.  IK  I  'ore,  its 

pitch,  and  the  radius  of  the  cylinder  on  which  it  nr 

I  with  various  points  of  the  curve*  at 

.1  then  form  the 
outline  of  tin  7  and  7*  r.  pn  U  ni  the  plan  and  clc- 

i  in  this  manner.     The  circle  drawn 
with  the  radius,  a  0,  is  the  bat*  of  t' 

tically  in 

«'  .       NeXl  ■  re.  and 

the  pitch,  a1  a1,  of  the  helix.     This  helix  is  then  projected  ac- 
cording t  :  already 
• .  and  a';  it  may  be  continue  d 
indefinitely,  according  t<.  tin-  nnml 

With  did*,  rent  point*  of  this  curve  as  centres,  and  with  the  radius, 
a  li',  arc  then  dl 
and  two  curves  arc  drawn  tat  -  •.  as  shown  . 

In  going  over  this  figure  with  ink,  it  is  of  importance  to  limit 

rtion  of  the  outline,  which  i*  quite  apparent 

or  distinct ;  thus,  for  the  anterior  portion,  ".  I,  2, '.'.  6,  ti.'  1 

serpentine,  tin-  lower  curve,  r  iff,  i  ndl  at  tin  point  of  t 
With  the  circle  who**  centre  is  of,  wliilst  the  upper  one.  /. 
in  the  p. 'int,  li,   on  the  circle  described  with  the  centre.  C  .     The 
i  portions  of  thl  limited  by  the  points.  </  and  i', 

where  the  bend  of  the  serpentine  goes  behind,  and  is  hid  by  the 
anterior  portion. 

The  horixontal  projection  of  the  scq^entine  is  always  eoi 
within  two  concentric  circle-,  the  distance  asunder  of  which  is 
equal  to  the  diameter  of  the  generatii  fig.  7. 

.  tubular  serpentine,  which  is  supposed  to  DC 
divided  by  a  plane.  1  —  '-'.  in  I  tfa rough  its  axis.     It  i-. 

consequently,  the  posterior  portions  that  are  visible,  and  • 

inclined  from  light  to  left ;  the  section  at  the  same  time  .-! 
thickness  Of  the  tube.  01  pipe. 

In  the  arts,   we  el  •;:.•-.   loth  solid  and  hollow, 

1   by  COnic  or  other  helices;  of  thi-  description   are  the 

springs  employed  in  the  moderator  lamps,  and  the  forma  of  distil- 
lery Wl  nines  varied  in  this  way. 

180.  " 
and  serpentine*,  the  ri  delineation  of  which  we  have 

ifil  d    when  these  I'ljoctS  COmO 

'  presented  on  a  very  small  scale;  thus  the  triangular- 
threaded  screw  may  I  a  shown  in  tig.  B,  l  •. 

I  Straight,   ii'  inclined 

from  side  t..  side  to  the  rxtent  of  half  the  pitch.  TltOM  lines 
should  be  limited  DJ  tWO  parallel-  I.,  the  axi-  on  each  side,  tn.irk- 
SfflOnnl  of  r.  lief  Of  the  thr.  a  1.  \\  In  n  the  scale  of  the 
drawing  is  still  smaller,  and  greater  simplicity  desirable,  the 
.  irallel  lines,  as  in  tig.  :', 
limited  by  a  si,  |  !..  the  axis. 

for  the  square  threaded  screw,  the  helical  curves  may  similarly 
he  replaot  1  by  straight  .-.  10.    The  tame  also  appli.  s 

to  the  Serpentine,  a-  shown  in  tig.  11. 


•H — i — l — l — t- 


FW  8 


F'io    [0 


\jt 


|ir   4 


-f- 


\    \ 


\\  i 'i 


ArnuMi<raiid  i \m 


BOOK  OF  INDUSTRIAL  DESIGN. 


55 


THE  APPLICATION  OF  THE  HELIX. 

THE  CONSTRUCTION  OP  A  STAIRCASE. 
PLATE  XVI. 

181.  The  staircases,  which  afford  a  means  of  communication 
between  the  various  floors  of  houses,  are  constructed  after  various 
systems,  the  greater  number  of  which  comprise  exemplifications 
of  the  helix.  The  cage,  or  space  set  apart  for  the  staircase,  varies 
in  form  with  the  locality.  It  may  be  rectangular,  circular,  or 
elliptic. 

Figs.  1  and  2  represent  a  staircase,  the  cage  of  which  is  rec- 
tangular; this  space  being  provided  for  the  construction  of  the 
main  frame  of  the  stair,  with  its  steps  and  balustrade,  and  with  a 
central  space  left  sufficient  for  the  admission  of  light  from  above. 
In  the  case  of  a  cylindrical  cage,  the  curve  with  which  the  steps 
rise  is  helical  from  bottom  to  top ;  but  in  a  staircase  within  a  rec- 
tangular cage,  the  steps  rise  for  some  distance  in  a  straight  line, 
and  only  take  the  helical  twist  at  the  part  forming  the  junction 
between  the  rectilinear  portions  running  up  alternate  sides  of  the 
rectangle.  Stairs  are  sometimes  made  without  this  curved  part, 
a  simple  platform,  or  "  resting-place,"  connecting  the  two  side 
portions. 

For  the  division  of  the  steps,  we  take  the  line,  efg  h  i,  passing 
through  the  centre  of  their  width,  and  taking  exactly  the  direction 
it  is  intended  to  give  the  stairs.  The  first  or  lowest  step,  a, 
which  lies  on  the  ground,  is  generally  of  stone,  and  is  larger  and 
wider  than  the  others. 

For  the  stairs,  as  for  the  helix,  the  pitch  or  height,  say  3-38  m. 
from  the  basement  to  the  floor  above,  is  divided  into  as  many 
equal  parts  as  it  is  wished  to  have  steps.  The  centre  line,  efg  h  i, 
is  also  divided  into  a  like  number  of  equal  parts.  In  general,  the 
number  of  steps  should  be  such,  that  the  height  of  each  does  not 
exceed  19  or  20  centimetres.  The  larger  the  staircase  is,  the 
more  may  this  height  be  reduced — say,  perhaps,  as  low  as  15  or 
16  centimetres.  The  width,  1 — 2,  of  the  step  should  not  be  under 
18  to  20  centimetres. 

If,  for  example,  in  the  given  height  of  338  m.,  we  wish  to  make 
21  steps,  we  must  divide  this  height  into  21  equal  parts,  and  draw 
a  series  of  horizontal  lines  through  the  points  of  division,  which 
will  represent  the  horizontal  surfaces  of  the  steps. 

For  those  steps  which  lie  parallel  to  each  other,  it  is  simply 
requisite  to  erect  verticals  upon  the  points  of  division  on  the 
centre  line  in  the  plan.  The  points  of  intersection  of  these  with 
the  horizontals  above,  as  1, 2, 3,  4,  fig.  2,  indicate  the  edges  of  these 
steps.  For  the  turning  steps,  however,  or  winders,  as  those  steps 
are  called  which  are  not  parallel  to  each  other,  a  particular  opera- 
tion is  necessary,  termed  the  balancing  of  the  steps,  the  object  of 
which  is  to  make  the  steps  as  nearly  equal  in  width  as  possible, 
without,  at  the  same  time,  making  them  very  narrow  on  the  inner 
edges,  or  rendering  the  twist  or  curve  too  sharp  or  sudden. 
Where  the  stairs  are  narrow,  as  in  the  case  we  have  illustrated, 
the  balancing  should  commence  a  step  or  two  before  reaching  the 
curved  portions.  This  balancing  may  be  obtained  in  the  follow- 
ing manner  : — A  part  of  the  rectilinear  portion,  p  I,  equal  to  three 
steps,  is  developed,  and  then  a  part  of  the  curved  portion,  I  m  n, 


equal  to  three  more  steps.  On  the  vertical,  tq,  fig.  3,  set  off  the 
heights  of  the  first  three  steps ;  and  through  the  point,  q,  draw 
the  horizontal,  q  4,  representing  the  development  of  the  widths  of 
the  steps  in  a  straight  line.  Also,  on  the  prolongation,  t  q,  of  the 
vertical,  t  q,  set  off  the  heights  of  other  three  steps.  Through  the 
point,  q,  draw  a  horizontal,  and  make  q  10  equal  to  the  arc,  Im  n, 
in  the  plan,  fig.  1,  as  rectified.  The  straight  line,  1 10,  will  then 
be  the  development  corresponding  to  the  curve  of  the  framepiece. 
At  the  latter  point,  n,  erect  a  perpendicular  on  this  line,  and  at  the 
point,  5,  a  perpendicular  to  the  straight  line,  1 4.  The  point  of 
intersection,  o,  of  these  two  perpendiculars,  gives  the  centre  of 
the  arc,  p  k  n,  which  is  drawn  tangentially  to  these  lines.  Then, 
through  each  point  of  division  on  the  vertical,  q  q',  draw  horizon- 
tals, meeting  this  curve  in  the  points,  j,  k,  I,  m,  through  which 
draw  parallels  to  qq.  Then  transfer  the  respective  distances, 
j  6,  h  t,  18,  m  9,  comprised  between  the  arc  and  the  two  straight 
lines,  1 4  and  t  u,  on  the  line  of  the  framepiece,  p  k  n,  in  the  plan, 
fig.  1,  as  at  jk,  hi,  Ira,  mn.  Next,  draw  straight  lines  through 
the  points,  j,  k,  I,  in,  and  through  the  respective  points  of  division, 
6,  7,  8,  9,  on  the  centre  line,  which  will  give  the  proper  incli- 
nation for  the  steps  as  balanced.  The  second  half  of  the  curved 
portion  is  obviously  precisely  the  same  as  the  first  in  plan,  and 
may  easily  be  copied  from  it. 

Having  thus  determined  the  position  of  the  steps  in  the  hori- 
zontal projection,  they  must  next  be  projected  on  the  vertical 
plane,  by  means  of  a  series  of  verticals,  which  cut  the  respective 
horizontals  drawn  through  the  points  of  division,  1,  2,  3,  4.  As 
in  fig.  2,  the  anterior  wall  of  the  cage  is  supposed  to  be  cut  away 
by  the  line,  a6'10',  in  the  plan,  the  outer  edges  of  the  steps  are 
seen  and  are  determined  by  erecting  verticals  on  the  correspond- 
ing points,  C,  7',  8',  9',  &c. 

The  perpendicular  portions,  v v,  of  the  steps,  which  are  over- 
hung by  the  horizontal  portions,  and  consequently  invisible  in  the 
plan,  fig.  1,  are,  nevertheless,  indicated  there  in  dotted  lines, 
parallel  to  the  edges  of  the  steps.  To  render  them  quite  distinct, 
however,  and  at  the  same  time  to  show  the  manner  in  winch  they 
are  fitted  into  the  framepiece,  we  have  represented  them,  in  fig.  4, 
without  the  actual  steps,  supposing  them  to  be  cut  in  succession, 
horizontally,  through  their  middles. 

The  framepiece  is  the  principal  piece  in  the  staircase.  It  is 
situated  in  the  centre  of  the  cage,  and  sustains  each  step,  and, 
consequently,  must  be  constructed  very  accurately,  for  upon  it,  in 
a  great  measure,  depends  the  strength  and  solidity  of  the  staircase. 
For  a  staircase  of  proportions,  like  those  of  the  one  represented  in 
the  plate,  the  framepiece  is  generally  made  of  oak,  in  three  pieces ; 
the  middle  piece,  C,  corresponding  to  the  curved  portion,  whilst 
the  other  two,  B  and  D,  joined  to  that  one,  form  the  rectilinear 
portions.  A  special  set  of  diagrams  is  necessary,  to  determine 
the  shape  and  proportions  of  the  various  parts  of  this  framepiece. 
The  method  here  to  be  followed  is,  in  the  first  place,  to  draw  the 
joints,  by  which  the  vertical  portions  of  the  steps  are  attached  to 
the  framepiece.  These  can  easily  be  obtained  by  squaring  them 
over  from  fig.  4  to  fig.  5,  in  which  last  are  the  horizontal  division 
lines,  corresponding  to  fig.  2.  It  will  be  observed,  that  the  joints 
referred  to  are  bevilled  off,  so  as  not  to  be  apparent  externally. 
The  faces  on  the  framepiece  are  seen  on  fig.  5,  at  the  parts,  b,  C, 
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and  the  method  of  obtaining  them  U  sufficiently  indicated  l>y  the 

•■».     The  framepiece  has  a  certain  regular  depth  ll 
out,  and  is  cut  on  the  upper  rids,  to  .-uit  tin  form  of  the  steps, 
'  w,   to   the   curvilinear  outline,  a  t>  c  <I  r'  f,   which   is 
nothing  hut  the  combination  of  a  helix  with  a  couple  of 

I  Hnnt,  n  6  and  t'f,  are  naturally  parallel  to 
the  cur\  Bgh  the  edges  of  th.  1'  16, 
19.  Tlie  curved  part,  o1  r',  which  OOtTOepondl  to  the  anterior 
face,  6'  c5,  of  the  framepiece,  is  drawn  in  precisely  the  MUM  manner 
as  a  common  cylindrical  helix.     It  is  the  nme  wit! 

which  corresponds  to  thafaH  ■/•'«*.     If,  in 

I.,  iter  indicate  the  spent  occupied  by  the  A  ii  wished 

trod  an  nod  view  of  it.  thi-  may  be  done,  as  in  fig.  • 
figs.  4  and  5. 

■  have  given,  on  a  larger  scale,  the 

different  o,  of  the  xTamcpieoo,  to  an  to 

.-how  it-  construction  mure  plainly,  aawell  as  the  form  of  the  joint 

r  the  I 

inscribed  in  at  by  dott<  '1  tint  s, 

■■il.ir  parallelopiped,  in  which  the  piece 

may  he  said  to  be  contain,  d.     To  strengthen  the  junction  of  this 

;  rith  the  portions,  b  and  i>.  they  are  connected  by  iron  straps 

or  bin  ling-pieces  let  in,  or  by  bolts  passing  through,  the  entire 

-  of  the  wood. 

I         7       I8l   1 1  sent,  in   plan  and  elevation,  the  details  of 

the  landing-stage,  which  forms  the  top  step  of  one  flight  of  the 

Hair-,  and  i.-  on  a  level  with  the  upper  floor.  It  is  with  this 
t  the  upper  portion,  d,  of  the  framepiece  is  connected,  by  ■ 
joint  similar  to  that  uniting  the  other  portions.  Fig.  0  is  a  sec- 
tion, through  the  centre  of  this  step-piece,  through  the  line,  1 — 2, 
in  the  plan  :  whilst  flg.  10  is  another  section,  through  the  line,  3 — 4; 

I I  a  third,  through  the  line,  5—6.  The  form,  dimensions, 
and  joint  of  this  piece,  are  all  fully  indicated  in  this  scries  of 
• 

haft  of  the  staircase,  or  the  open  space  left  in  the  centre 
of  the  cage,  is  partially  occupied  by  a  balustrade,  formed  by  I 
number  of  rods  of  iron  or  wood,  attached  at  tin  ir  lower  extremities 
to  the  framepiece,  as  shown  in  fig,  15,  and  united  abovt  I 

■ii.  surmounted  by  a  hand-rail  of  polished  furniture- wood, 

of  the  form  given  in  Plate  IIL,  fig.  §.     Thi  poaiti ftheroda, 

i  in  the  plan.  tiLr.  l,  is  sufficient  for  thi  determination  of 
theii  vertical  projection  or  elevation. 


Till:  INTERSECTION  OF  BUBFACEft 

Al'l'I.ll  -ATI' iN    In  STOPCOCKS. 
PLATE   Mil. 

.  ly  discussed  several  example-  of  I 
.  ai  in  pipes  and  boilers,  and  we  ihall  now  pro- 
give  some  others,  which  ai  tally  met  with, 
traction  of  stopcocks;  and  for  thai 
in  illustration, 

kstOp       ■  i- a  mechanical  arrangement,  the  function  of  which 

ibliah  or  interrupt  at  pleasure  the  i imunication  ■' 

pipes,  for  the  passage  of  gases  or  liquids,     i  I  wo  dis- 


tinct parts,  one  called  the  cock,  and  the  other— adjustable  and 
moveable  in  the  tir-t — termed  the  key  or  plug. 

ks  are  generally  made  of  bran,  composition-metal,  or 

and  the  cock  is  formed  with  or  without  flanges,  for 

attachnv  at  I  -  generally  conical,  so 

.1-  to  lit  I.,  tt.  r  in  it-  s,  at      'I  ■'  ■  '•"   k>  v 

varies  with  diflt 

• 

oent  is  wanted.     The 
part  of  the  cock  whi.  I  of  000700,  taxi 

to  a  corr.  rtion  of  the  , 

!  to  the  tubular  portions  by  shoulders,  of  a  slightly  cllip- 
• 

!  1*. 
In  these  figures  will  be  seen  the  conical  part,  a.  which  embraces 
the  key.  the  eyiindi  to  the  former  by  the 

shoulder-,  ii.  and  terminated  by  the  I 

The  e  adjusted  in  the  oock,  is  surmounted  by  a 

handle.  1'.  by  means   of  which  it  i-  turned.      The  kej  i- 

k  by  a  nut,  <'.,  working  OH  a  screw,  formed  on  the  lower 
projecting  end  of  the  key.       I  '-an  end  view  of  this 

cock,  and  tig. '.' 

is  a  view  of  the  key,  looking  on  the  lower  end.      Fig.  8  is  a  baft 
lion  through  the  line,  1  -'.',  iii  tig.  1* ;  and  fig.  2*  is  a 
vertical  section  through  the  line,  ,'t    -I.  fig.  1. 

It  will  be  easy  to  see,  from  the-   I  that,  in  order 

to  represent  the  Stopcock  with  exactitude,  it  has  been  necessary 
on  the  one  hand,  the  projection  of  the  intersection  of  the 
elliptic  shoulder,  i»,  with  the  sxtt  mal  conical  surtac 

part,   \.  of  the  cock  :  and  on  the  other,  that  of  the  cylindrical  sur- 
the  handle.  1  ,  of  the  key,  H  well  when  this  is  placed  in  a 

position  parallel  to  the  vertical  plane,  as  in  fig.  2*,  or  inclined  to 
this  plane,  as  in  fig.  i.     r7(   have,  determine  the 

"ii  with  the  external  -url'.n  I  the  rectangular 

opening,  it.  provided  for  the  paaaage  of  fluids ;  and  also  the  intar- 

:  a  prism  with  ■  sphere,  which  occur.-  in  the  ibei 
nut.  o,  which  secures  the  key  in  it  a  opera- 

tion- hi  re  called  for  arc  indicate. 1  on  the   figures,  which  we  shall 
!  lain. 
Pigs,  S  and  8"  show  the  geometrical  construction  of  t' 
section  of  the  horisonl  .1  cylindi  r,  I  .  of  the  handle,  with  il»-  v.  rti- 
cal  cylinder,  i  .  of  the  key.      I  i  btained 

:  to  the  mi  ii.  to  figs.  1 

and  2,  Plate  XIV.     WehnTe,  however,  repeated  the  o] 
tin  .  i Amplifications  being  ■  variation  from  that  previously 
188.  When  the  horiaonl  d  cylinder,  i  .  I 

im  lined   to   thevertioa]   plane,    its    OOrve    of  intersection  with  the 

vertleal  cylinder,  a',  aaanmea  ■  different  appearani 

in  this  plane,     ll-  OOnStrUotion,  hoi 

f..ll..w-;  To  obtain  any  point  in  thi  curve,  w  e  proceed  just  as  in 
the  preceding  example,  drawing  the  vertical  plane.  >/  •  .  parallel 
to  the  axes  of  the  cylinders,  this  plane  cutting  the  vertical  cylinder 
through  the  lines,  at/ and  .  ;/.  This  same  plane  cuts  the  horizon- 
tal cylii  tad  In  plan,  at  <l  < .  whence  the  vertical  pro- 

jet  ti.'ii  is  obtained,  after  drawing  the  Mini-cylindrical  en  I 

The  distance,  i  i  .   being  set  oil'  on  A  A',  the  horizontal 
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line,  de,  drawn  through  the  point,  K,  represents  the  intersection 
of  the  plane  with  the  horizontal  cylinder,  h  h',  being,  of  course, 
measured  from  its  axis.  It  will  be  seen  that  the  line,  d  e,  is  cut 
by  the  vertical  lines,  df  and  e  g,  in  the  points,  d,  e,  which  lie  in 
the  curve  sought ;  and  the  same  construction  will  apply  to  every 
other  point  in  the  curve,  dbec. 

184.  Figs.  4  and  5  represent  the  intersection  of  an  elliptical 
cylinder  with  a  right  cone  of  circular  base,  corresponding  to  the 
external  conical  surface,  A,  of  the  cock,  at  its  junction  with  the 
shoulders,  D.  Fig.  5  is  a  plan,  looking  on  the  cock  from  below, 
and  which  shows  the  horizontal  projection  of  the  intersectional 
curves. 

The  solution  of  the  problem  requiring  the  determination  of  these 
curves  consists  in  applying  a  method  already  given — namely,  in 
taking  any  horizontal  plane  which  cuts  the  cone,  so  as  to  present  a 
circular  section  on  the  one  hand,  and  the  cylinder  in  two  straight 
lines  on  the  other — the  points  of  intersection  of  these  straight  lines 
with  the  circle  representing  the  section  of  the  cone.  Thus,  by 
drawing  the  plane,  c  d,  fig.  4,  we  obtain  a  circle  of  the  diameter,  c  d, 
which  is  projected  horizontally,  as  with  the  centre,  o,  fig.  5 ;  we 
have  also  two  generatrices  of  the  cylinder,  both  projected  in  the 
vertical  plane  in  the  line,  a  5,  and  hi  the  horizontal  plane  in  the  lines, 
a  b'  and  a2  b2.  Having  drawn  the  semibase  of  the  cylinder,  d  e,  as 
at  d'/e,  and  having  taken  the  distance,  fg,  fig.  4°,  and  set  it  off,  in 
fig.  5,  from  the  axis,  as  from  g'  to  a,  and  to  a",  we  thereby  obtain 
the  generatrices,  a  V  and  a2  b2,  which  cut  the  circle  of  the  dia- 
meter, c  d',  in  the  four  points,  ti,  i",  which  arc  squared  across  to, 
and  projected  in,  the  vertical  plane  in  the  points,  h,  i.  In  the 
same  manner  we  obtain  any  other  points,  asm,  n;  hi  being  the 
plane  taken  for  this  purpose.  The  extreme  points  of  the  curve 
are  obtained  in  a  very  simple  and  obvious  manner,  as  /,  g,  r,  s, 
being  the  points  of  intersection  of  the  extreme  generatrices,  or 
the  outlines  of  the  two  solids.  With  regard  to  the  points,  t,  u, 
which  form  the  apices  of  the  two  curves,  their  position  may  be 
obtained  from  the  diagram,  fig.  4",  by  drawing  from  the  point,  s, 
which  would  be  the  apex  of  the  entire  cone,  a  tangent,  s  I,  to  the 
base,  d'fe,  of  the  cylinder,  and  projecting  the  point  of  contact,  t, 
in  the  line,  x  y,  representing  a  plane  cutting  the  cone,  which  must 
be  projected  in  the  horizontal  plane.  Then,  making  g  x,  fig.  5, 
equal  to  t  v,  fig.  4„,  and  drawing  horizontals  through  x',  their 
intersections,  /'  u,  with  the  circular  section  of  the  cone,  will 
be  the  points  sought,  which  are  accordingly  squared  over  to 
fig.  4.  The  operations  just  described  are  analogous,  it  will  be 
observed,  to  those  employed  in  obtaining  the  intersection  of  two 
cylinders. 

If,  in  the  case  of  the  cone  and  cylinder,  the  latter  had  been  one 
of  circular  instead  of  elliptical  base,  as  is  frequently  the  case,  still 
the  construction,  as  a  little  consideration  will  show,  must  be  pre- 
cisely the  same,  and  the  resulting  curves  would  be  analogous— that 
is,  when  the  diameter  of  the  cylinder  is  less  than  that  of  the  cone 
at  the  part  where  it  meets  the  lowest  generatrix  of  the  cylinder ; 
the  curves,  however,  assume  a  different  appearance  when  the  dia- 
meter of  the  cylinder  exceeds  this,  as  is  shown  in  figs.  6  and  7. 
In  this  case  the  intersections  are  represented  by  the  curves,  s  t  r 
and  p  u  q ;  the  method  of  obtaining  these  is  fully  indicated  on  the 
diagrams. 


185.  The  opening  or  slot,  h,  cut  through  the  key  of  the  stop- 
cock, is  generally  rectangular,  rather  than  circular,  or  similar  to 
the  tubular  portions  of  the  cock.  The  object  of  this  shape  is  to 
make  the  key  as  small  as  possible,  and  yet  retain  the  required 
extent  of  passage.  This  rectangular  opening  gives  rise,  in  fig.  2', 
to  the  intersectional  curves,  a  b,  c  d,  which  are  portions  of  the 
hyperbola,  resulting  from  the  section  made  by  a  plane,  cutting  the 
cone  parallel  to  its  axis.  The  operations  whereby  they  are  de- 
termined are  indicated  in  figs.  10,  11,  and  12. 

To  render  the  character  of  the  curve  more  apparent,  we  have, 
in  these  figures,  supposed  the  generatrices  of  the  cone  to  make  a 
greater  angle  with  the  axis  than  in  fig.  2".  The  line,  a  b,  repre- 
sents the  vertical  plane  in  which  the  curve  of  intersection  lies. 
It  is  evident  that,  if  we  delineate  a  series  of  horizontal  planes,  as 
c  d,  cf,  g  h,  i  k,  fig.  10,  we  shall  obtain  a  corresponding  series  of 
circles  in  the  horizontal  projection,  these  circles  cutting  the  plane, 
a  b,  in  the  points,  I',  m,  ri,  p\  &c.  These  points  are  squared  over 
to  the  vertical  projection,  fig.  10,  giving  the  points,  I,  m,  n,  p ;  and 
the  apex,  o,  of  the  curve  is  obtained,  by  drawing  in  the  plan, 
fig.  12,  with  the  centre,  s,  a  circle  tangent  to  the  plane,  a  b,  and 
then  projecting  this  on  the  vertical  plane,  fig.  10,  as  shown. 
From  these  diagrams,  it  is  easy  to  see  that  the  opening,  H,  will  be 
partly  visible  when  the  key  is  seen  from  below,  as  in  fig.  2'. 

186.  Figs.  8  and  9  represent  the  vertical  and  horizontal  pro- 
jections of  the  nut,  G,  which  secures  and  adjusts  the  key  in  its 
socket.  This  nut  is  hexagonal,  being  terminated  by  a  portion  of 
a  sphere,  the  centre  of  which  lies  in  the  axis  of  the  prism.  Each 
of  the  facets  of  the  prism  cuts  the  surface  of  the  sphere,  so  as  to 
present  at  their  intersection  portions  of  equal  circles,  which  should 
be  determined  in  lateral  projection.  The  diameter  of  the  sphere 
is  generally  three  or  four  times  that  of  the  circle  circumscribing 
the  nut,  but,  to  render  the  curves  more  distinct,  we  have  adopted 
a  smaller  proportion  in  the  case  under  examination.  The  sphere, 
y,  is  represented  by  two  circles  of  the  radius,  o  A ;  and  the  nut  by 
an  hexagonal  prism,  the  axis  of  which  passes  through  the  centre  of 
the  sphere.  The  anterior  facet,  a  b',  of  this  nut,  cuts  the  sphere, 
so  as  to  show  a  circle  of  the  diameter,  c'  d'.  This  circle,  projected 
vertically  on  fig.  8,  cuts  the  straight  lines,  ae  and  b  f,  of  the 
prism,  in  the  points,  a  and  b  ;  and  the  portion  of  the  circle  com- 
prised between  these  two  points,  consequently,  represents  the  in- 
tersection of  this  facet  with  the  sphere.  The  other  two  facets, 
a  g  and  b'  h',  which  are  inclined  to  the  vertical  plane,  also  cut 
the  sphere,  so  as  to  produce,  at  their  intersection  with  the  surface, 
arcs  of  equal  radii  with  that  of  the  facet,  a  b.  From  their  incli- 
nation, these  arcs  become  slightly  elliptical,  being  comprised,  on 
the  one  hand,  between  the  points,  a  and  g,  and  b,  h,  on  the  other. 
The  summits  of  these  ellipses  are  obtained  by  drawing  horizontal 
lines  tangential  to  the  arc,  a  b,  and  cutting  it  in  the  points,  k,  I, 
by  perpendiculars  drawn  through  the  middle  of  the  lateral  facets. 
In  practice,  it  is  quite  sufficient  to  describe  circular  arcs,  passing 
through  the  points,  g,  k,  a,  and  b,  I,  h. 

We  have  already  seen,  in  reference  to  Plate  XIV.,  that  the 
intersection  of  a  right  cylinder  with  a  sphere,  through  the  centre 
of  which  its  axis  passes,  gives  a  circle  projected  laterally  as  a 
straight  line.  Thus,  the  opening  o',  which  passes  through  the  nut, 
being  cylindrical,  produces,  by  its  intersection  with  the  sphere,  a 


se 
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.  ii ,  in  tlu'  plan,  projected  vertically  in  the 
Untight  line,  ■  n. 

Fig.  8*  indicates  the  analogous  operations  required  to  determine 
the  same  lalmecllOM  when  tho  nut  is  seen  with  one  of  the 
angles  in  the  centre,  uiul  only  two  facets  visible,  as  represented  in 
fig.l'. 

1  ;ic  enrve,  |F  f  !.'.  SORI  -ponding  to  the  ono,  b  I  h,  must 
obviously  be  comprised   between  the  SUM  'd  lines 

passing  through  these  points,  and  an  arc  is  drawn  through  them 
as  before. 

We  may  lure  observe,  that  the  proficient  draughtsman  will, 
doubtless,  deem  it  unnecessary,  cxet  pi  in  extraordinary  cases,  to 
enter  into  Mich  minute  details  of  construction  fot  the  various  in- 
tersectional   curves  as  those    we   hi  I,    being   guided 

simply  by  his  own  Judgment,  and  the  appearance  presented  by 
different  experimental  proportions.     All  draughtsmen,  however, 

will  find  that  some  practice  in  obtaining  thl  I  Ud  r.  pn 
of  the  various  curves,  according  to  the  methods  here  given  and 
rules  laid  down,  will  be  of  immense  advantage  to  them — enabling 
them,  from  possessing  a  thorough  theoretical  knowledge  of  the  rela 
tions  of  the  various  forms  of  solids  to  each  other,  to  approach 
much  nearer  truth,  when,  at  a  more  advanced  stage,  they  relinquish 
the  aid  of  such  constructive  guides. 


Kl [US   AM'    PBA<  tlOAL    DATA. 

STEAM. 

187.  All  liquids  become  changed  to  vapour  when  their  tem- 
perature is  sufficiently  I  1.  %.,!•  1.  When  Mtl  r.  •  M.iincd  in  a  close 
vessel,  is  elevated  to  a  temperature  of  212  Fahrenheit,  it  produces 
steam  of  a  pressure  or  force  equal  to  that  of  the  atmosph 

Tie  pressure  of  the  atmosphere  is  a  force  capable  of  sustaining. 
in  a  vacuum,  a  column  of  water  33  feet  high,  or  a  column 
cury  30  inches  high.     This  force  is  equal  to  a  weight  of  about 
16  Dm.  i 

Tim-,  taking  the  square  inch  as  the  unit  of  superficial  measure- 
ment, the  pressure  or  tension  of  the  steam  at  212°  Fahreuluit  is 
also  equal  to  15  lbs. 

Winn  the  c  >iit  iiniii_-  \.--.l  i|  hermetically  closed,  as  in  a  boiler, 

if  the  t'  d  -  endued  with. 

more  and  more  expan  inerenM  of  force,  1 

not  being  directly  proportionate  to  the  increase  of  temperature. 

The  tension  or  expansive  free  of  .-team,  as  abo  of  gases 
generally,  is  inversely  as  the  volume ;  thus,  at  the  pressure  of  one 
atmosphere,  for  example,  the  volume  of  the  steam  or  gas  being 
one  cubic  foot,  the  same  quantity  of  6tcam  would  occupy  i.nlv 
half  the  space  at  a  pressure  of  two  atltMsphatat,  and  reciprocally. 


TABU  OF  PRES3UltE.-<,  TBHPERATUBES,    WEIGHTS,   AND  TOUTMBS  OF  STEAM. 


Pressure  in 

Pressure  in  Inches 

l'r.  man  per  Square 

Temperature. 

Temperature, 

•  a  Cubic 

Vnlume  of  a  Pound 

Atmospheres. 

Ol  Hi  rcury. 

lu.h. 

RabioohelL 

1 

.-steam. 

of  Steam. 

Dl    Tees. 

Degrees. 

Lb. 

i           Kect. 

100 

30-0 

1500 

812 

1000 

•3071 

1-25 

37-5 

18-75 

224 

106-6 

-4508 

1-50 

450 

22-50 

234 

1124 

-.r>;i.i2 

1   --    _' 

1-75 

52-5 

26-25 

243 

117-1 

-0144 

2-00 

600 

3000 

250 

121-5 

•6936 

2-25 

67-5 

33-75 

258 

126-6 

•7729 

2-50 

750 

37-50 

264 

128-8 

-8481 

1-1777 

2-75 

82-5 

41-25 

270 

182.1 

-928 1 

l  0771 

300 

900 

4500 

275 

1350 

-9942 

325 

97-5 

48-75 

280 

1.-J7-7 

-9287 

3-50 

1050 

62-60 

285 

140-6 

1-1882 

400 

1200 

6000 

294 

146-4 

•76 12 

450 

1350 

67-50 

801 

148-1 

1-4672 

5.00 

150  0 

7500 

308 

1-6033 

-6236 

550 

1650 

82-50 

814 

166-7 

1.7494 

■6716 

600 

1800 

9000 

320 

160  0 

1-8946 

■6278 

650 

195-0 

87  60 

626 

168-8 

-4019 

7  00 

2100 

331 

166-4 

8-1777 

800 

2400 

12000 

342 

172  1 

■4071 

With  the  assistance  of  this  table,  we  can  solve  the  following 
problems  • — 

Firtt  F.riimpU. — What  is  the  amount  of  steam  pressure  acting 
on  a  piston  of  10  Inohi  I  1 1  temperature 

of  27.'.  degrees?  It  will  be  teen  thai  the  pressure  corresponding 
to  275°  is  equal  to  thicc  atmospheres,  or  to  16  lbs.  pi  t  square 
inch. 

The  area  of  a  piston  of  10  inches  in  diameter  is  equal  to 

V?  X    7854  =  7854  sq.  inches  ; 


consequently, 

78-54  x  45  =  B634-8Iba, 

Tims,  t0  solve  the  problem,  we  look  in  the  table  for  the  pressnie 
rom-ponding  to  the  given  temperature,  and  multiply  it  by  the 
area  of  the  piston  BBTCSStd  in  square  inches. 

What  i     axpi  tiled  during 

each  stroke  of  the  piston,  the  l.n^rt Ii  of  stroke  being  3  feet? 
We  first  obtain  tho  volume  axst ■mh  1. 
78-54 
12 


X  3  =  19-635  cubic  feet. 


BOOK  OP  INDUSTRIAL  DESIGN. 


59 


At  a  pressure  of  three  atmospheres,  a  cubic  foot  of  steam  weighs 
1-0058  lb. ;  consequently, 

19-635  X  1-0058  =  19-75  lbs. 

To  solve  this  problem,  then,  we  ascertain  the  volume  expended 
in  cubic  feet,  and  multiply  it  by  the  weight  corresponding  to  the 
given  temperature,  or  pressure — the  product  is  the  weight  in 
pounds. 

UNITY  OP  HEAT. 

188.  With  a  view  to  facilitate  various  comparisons  connected 
with  the  subject  of  steam,  the  Freuch  experimentalists  have 
adopted  the  term  calorie,  or  unity  of  heat.  This  is  defined  as  the 
amount  of  heat  necessary  to  raise  the  temperature  of  a  kilogramme 
(=  2-205  lbs.)  of  water,  one  degree  centigrade. 

Thus,  a  kilogramme  of  water  at  25°  contains  25  unities  of  heat ; 
and,  in  the  same  manner,  60  kilog.  of  water  at  50°  contains 
50  X  60  =  3000  unities. 

The  number  of  unities  of  heat  is  obtained  by  multiplying  its 
weight  in  kilogrammes  by  the  temperature  in  degrees  centigrade. 

The  amount  of  heat  developed  by  different  descriptions  of  fuel 
varies  according  to  their  quality,  and  according  to  the  construction 
of  the  furnaces. 

According  to  M.  Peclet,  the  mean  quantity  of  heat  developed 
by  a  kilogramme  of  coal  is  equal  to  7500  calorics,  or  unities  of 
heat. 

According  to  M.  Berthier,  that  developed  by  a  kilogramme  of 
wood  charcoal  varies  from  5000  to  7000  unities. 

In  the  following  table  will  be  found  the  results  of  experiments 
with  different  descriptions  of  fuel : — 

Table  of  the  Amount  of  Heat  developed  by  one  Kilogramme  of  Fuel. 


Description  of  Fuel. 


Wood  Charcoal, 

Coke, 

Medium  Coal, 

Dry  Turf, 

Commou  Turf,  containing  20  per  cent,  of  ) 

water,  ) 

Inferior  Turf, 

Dry  Wood  of  all  descriptions, 

Common  Wood,  containing  20  per  cent,  of  ) 

water, ) 

Turf  Charcoal, 


Number  of 

unities  of  heat 

developed  by 

1  kiiog. 


6000  to  7000 
6000 
7500 
4800 

3000 

1500 
3600 

2800 

5800 


Quantity  of 

stium  practically 

obtainable  from 

1  kilog. 


3-7 

2-7 
1-8    to  3 


In  the  last  column  of  this  table,  we  have  given  the  quantities 
of  steam  produced  by  the  combustion  of  one  kilogramme  of  fuel, 
being  such  as  are  practically  obtainable  in  apparatus  most  com- 
monly met  with. 

Example. — What  is  the  quantity  of  coal  necessary  for  the  sup- 
ply of  a  furnace  intended  to  produce  250  kilog.  of  steam? 

The  average  produce  of  1  kilog.  of  coal  being  6-5  kilog.,  we 
have 

250 

-r-=  =  84  kilog.  of  coal. 
DO 

189.  The  boilers  in  which  the  steam  is  to  be  produced,  may  be 


of  the  shape  represented  in  figs.  4  and  5,  Plate  XIV. — that  is, 
cylindrical,  and  terminated  by  hemispheres.  They  are  frequently 
accompanied  by  two  or  three  tubular  pieces  in  connection  with  the 
main  portion  of  the  boiler  by  pipes.  Boilers  answering  to  this  de- 
scription are  termed  French  boilers,  being  of  French  origin ;  they 
are  found  very  effective,  and  are  much  used  in  the  manufacturing 
districts  of  England.  These  boilers  are  made  of  plates  of  wrought- 
iron,  the  thickness  of  which  varies,  not  only  according  to  the  size 
of  the  boilers,  but  also  according  to  the  pressure  at  which  it  is 
intended  to  produce  steam. 

The  proper  thickness  for  the  plates  of  cylindrical  boilers  may 
be  determined  by  the  following  formula,  which  is  the  one  adopted 
by  the  French  Government  in  their  police  regulations : — 

18  X  d  X  p 


T  = 


10 


+  3; 


where 


T  =  thickness  in  millimetres ; 
d  =  diameter  of  boiler  in  metres ; 
p  =  pressure  in  atmospheres,  less  one. 

The  rule  derivable  from  the  formula  is — 

To  multiply  the  effective  pressure  of  the  steam  in  atmospheres 
by  the  diameter  of  the  boiler,  and  by  the  constant  18,  dividing  the 
product  by  10,  and  augmenting  the  quotient  by  3,  which  will  give 
the  thickness  in  millimetres. 

To  simplify  these  calculations,  we  give  a  table  showing  the 
thickness  proper  for  boiler  plates,  calculated  up  to  a  diameter 
of  2  metres,  and  to  a  pressure  of  8  atmospheres  above  the  atmo- 
sphere : — 

Table  of  Thicknesses  of  Plates  in  Cylindrical  Boilers. 


Pressure  of  Steam  in  Atmospheres. 

Diameter 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Mitres. 

Millim. 

Millim. 

Millim. 

Millim. 

Millim. 

Millim. 

Millim. 

•50 

3-9 

4-8 

5-7 

6-6 

7-5 

8-4 

9-3 

•55 

40 

50 

60 

7-0 

7-9 

8-9 

9-9 

•60 

41 

5-1 

6-2 

7-3 

8-4 

9-5 

10-5 

•65 

4-2 

5-3 

6-5 

7-7 

8-8 

100 

11-2 

•70 

4-3 

5-5 

6-8 

8-0 

9-3 

10-5 

11-8 

•75 

4-3 

5-7 

7-0 

8-4 

9-7 

11-1 

12-4 

•80 

4-4 

5-9 

7-3 

8-8 

10-2 

11-6 

131 

•85 

4-5 

61 

7-6 

9-1 

10-6 

12-2 

13-7 

•90 

4-6 

6-2 

7-9 

9-5 

11-1 

12-7 

14-3 

•95 

4-7 

6-4 

8-1 

9-8 

11-5 

13-3 

150 

1-00 

4-8 

6-6 

8-4 

10-2 

12-0 

13-8 

15-6 

1-10 

5-0 

7-0 

8-9 

10-9 

12-9 

149 

" 

1-20 

5-2 

7-3 

9-5 

11-6 

13-8 

16-0 

« 

1-30 

5-3 

7-7 

10-0 

12-4 

14-7 

" 

" 

1-40 

5-5 

80 

10-6 

13-1 

15-6 

" 

" 

1-50 

5-7 

8-4 

111 

13-8 

" 

" 

" 

1-60 

5-9 

8-8 

11-6 

14-5 

" 

» 

<• 

1-70 

61 

91 

12-2 

15-2 

" 

" 

« 

1-80 

6-2 

9-5 

12-7 

16-0 

" 

" 

« 

1-90 

6-4 

9-8 

13-3 

" 

" 

" 

" 

200 

6-6 

10-2 

13-8 

" 

" 

To  suit  English  measures,  the  formula  is — 


_  18XdXp 

T  -  — Tpoo~~  +  1182- 


80 
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And  here, 

X  =  thickness  in  inches; 
(/  =  diameter  in  inches; 
p  =  pressure  in  Atmospheres,  less  one. 

I1EATIM.   -1  n  v  I  . 
190.  In  practice  it  is  generally  calculated  that  a  squar 
of  anting  surface  will  proda  team  per 

boor,  «  i  rm  of  boiler,  whether,  cylindrical,  with  or 

without  additional  tubes,  or  waggon--! 

Tlic  amount   of   batting  surface,  per  horse  power,  generally 
adopted,  is  from  1  to  1-5  sq.  m. 

In  thi»  surface  Is  not  only  included  that  which  li  directly  1 1« 

■  the  action  of  the  fin,  hut  also  that  which  rco  in 
from  the  Miioke  and  gases  which  traverse  the  lines  ;   tin-  I  | 

of  sonne,  much  Ion  effective  in  the  production  of  steam. 

circumstance*,  one-half  or  a  third  of  this  surface 

l  to  the  dir.ct  action  of  the  tire,  which  will  give, 
(be  the  whole  heating  surface,  two-thirds  of  the  entire  surface  of 

;ler. 

In  the  following  Uhlc  we  give  the  principal  dimensions,  corre- 
sponding to  given  horses  power  of  boflon  of  the  French  de-erip- 

.  it  is,   cylindrical  with    two    tubes  or  smaller    cylinders 
below. 

Table  of  Dimensions  of  Boilers  ami  Thickness  of  Plates  for  a 
Prtuwrt  of  fin  Atmospheres. 


Umm 

Ixnirth  of 

l*n|rlhnlthc 

Diameter 

Diameter 

Thlckneaa  of 

ThlrkllfMM  of 

two  Tubea. 

oT  Boiler. 

tha  i  ui- .. 

11 

at. 

n 

M 

Im. 

*L 

2 

1 

1-75 

•66 

•28 

8 

8 

4 

210 

220 

■70 

•30 

8 

8 

8 

2-70 

2-85 

■75 

•85 

9 

10 

8 

8-40 

8-60 

•80 

•35 

9 

10 

10 

410 

4-30 

■80 

■88 

10 

10 

11 

600 

•80 

•38 

10 

10 

15 

6-60 

6-80 

•80 

•45 

10 

10 

20 

660 

6X0 

•85 

•50 

10 

10 

25 

8-20 

•85 

•50 

10 

10 

80 

8-50 

1-00 

■60 

10-5 

10 

M 

9-50 

9-70 

100 

•GO 

11 

10 

40 

1000 

10-30 

100 

•70 

11 

10 

lOl  additional  tubes,  the  water  should 
two-thirds  of  the  whole  space,  and  in  boilers,  with  the 

hould  OOCnpy  about  One-half  the  main  cylindrical  body 

boQi  r,  in  addition  to  the  tubes. 

In    . .rder   thai    the  steam  may  not    carry  along  with  it   mi  ill 
quantities  of  water,  which  action  is  termed  " primimj,"  the   boiler 

i-  snnnoiuited  by  a  cylindrical  chamber,  or  dome,  in  which  the 

steal licet-,  and  from  the  bight  rl  pari  of  which  it  makes  its  exit, 

qnlte  out  of  reach  of  tie   water  thrown  up  by  the  ebullition. 

QALC1  ivTi.is   Of   TBI   in  mi  MaDm  09   BOO  I 

I  I  What   i-  the   proper  length  for  a  cylindrical 

boiler,  without  additional  lulu -.  capable  rjf  supplying  an  cngineof 
power,  supposing  tha  diameter  to  be  -8  m.,  and  the  heat- 
ing surface  13  sq.  m.,  per  horse  power? 


We  liave  1-3x6=:  7-8  sq.  m..  total  heatinc  surface. 

i-  the  heating  surface  should  be  two-thirds  of  the  entire 
surface  of  tin  boQar,  it  follows  that 

,      ,  -  *•*■ 

7-8  sq.  m.  =  L  X  2  t  R  X  —  =  L  X  -  -  - , 

•h  sought,  and  Btiu    •■mi  diameter, 
=:    4  in.  ;    so   that,  substituting  for  «■  and   R  their   r 
d  values,  we  have — 


7-8  sq.  m.  =  L  X  3  14  X    4   X 


whence 


L  = 


78 
1071 


-i  =  L  x  1-676; 
X  4-66  m. 


As  it  may  he  well  to  know  the  capacity  of  the  lioiler  for  water 
and  -i'  im.  diia  m  i*j  I  usoording  to  tha  rait  •  prt  \i- 

ou-lv  given  for  the  content-  of  Cylindl  II      124 

Tin-    boiler    being   tenninati  d    by  le  length  of  the 

cylindrical  portion  will  be  equal  to 

4C5  -  (4  X  2)  =  3-85. 
ill   have,   then,  for  the   volume   corresponding   to  the 
cylindrical  portion — 

V  =  -|   X  314  X    4'  X  3  85  =  149  cub.  m. 
and  for  that  of  the  hemispherical  ends — 

V  =  -|   X    j  X  3  14  X    4'  =    173  cub.  m. 

The  whole  volume  of  water  is,  consequently. 
1  •_".!  +  -17'.»  =  1-469  cubic  mitt 
The  remainder  of  the  volume,  which  is  occupied  by  the  steam, 
is  obviously 

=  -734  cubic  ii 

2 

and  the  contents  of  the  entire  boiler, 

1-469  +  -734  =  9-908  enhk  metres. 

This  result  might  have  been  obtained  by  tha  following  general 

formula : — 

V  =  L  X  «»  +  4   »  tf  = 


385  X  3  14  X 


*+4 


X  6*14  X  ••!'  =  2-203  cul.i 


191.  We  here  quoti  thi  portion  of  the  n 
tin  French  Qorenunent,  relating  to  the  steam-boil  re,  as  -bowing 
what  conditions  are  deemed  necc— ary  in  France  for  the  insurance 
■  I  public  safety,  and  also  as  forming  a  good  basis  for  calcula- 
tions : — 

"  (33.)  The  boilers  are  divided  into  four  classes. 

"  The    capacitv  of  the   boder,    including   that    of  the    t 
there  be  an\.  inns!    be  expressed    in  cubic   metres,  and  the  maxi- 
mum steam  prcs-ure  niu-t  be  ■  \pn  m  ■!  Ul  atnio-phcre.s  ;  and  these 

two  quantities  multiplied  into  each  other. 

"  If  the  product  i  \ei  id-  fifteen,  the  boiler  is  of  the  first  class. 
It  is  of  the  second  class,  if  the  product  is  more  than  .-.\en,  but 
dot  -  not  e\, .  ad  fifteen.  Of  tha  third,  when  more  than  three,  and 
not  exceeding  seven.     And  of  the  fourth,  when  not   exceeding 

three. 

"  If  two  or  more  boilers  are  arranged  to  work  in  concert,  and 
have  any  communication  with  each  other,   direct  or  indircit,  the 
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term  taken  to  represent  the  capacity  must  be  the  sum  of  the 
capacities  of  each. 

"  (34.)  Steam-boilers  of  the  first  class  must  be  stationed  outside 
of  all  dwelling-houses  or  workshops. 

"  (35.)  Nevertheless,  in  order  that  the  heat,  which  would  other- 
wise be  dissipated  by  radiation,  may  be  better  economised,  the 
officer  may  allow  a  boiler  of  the  first  class  to  be  stationed  inside  a 
workshop,  provided  this  does  not  form  part  of  a  dwelling-house. 

"  (36.)  Whenever  there  is  less  than  10  metres  in  distance  be- 
tween a  boiler  of  the  first  class  and  a  dwelling-house  or  public 
road,  a  wall  of  defence  must  be  built,  in  good  and  solid  masonry, 
and  1  metre  thick.  The  other  dimensions  are  specified  in  article 
41.  This  wall  of  defence  must,  in  all  cases,  be  distinct  from  the 
masonry  of  the  furnaces,  and  separated  from  it  by  a  space  of  at 
least  50  centimetres  in  width.  It  must,  in  a  like  manner,  be 
separated  from  the  intermediate  walls  of  the  neighbouring  houses. 

"  If  the  boiler  be  sunk  into  the  ground,  in  such  a  manner  that 
no  part  of  it  is  less  than  1  metre  below  the  level  of  the  ground, 
the  wall  of  defence  shall  not  be  required,  unless  the  boiler  is  within 
5  metres  of  a  dwelling-house  or  of  the  public  road. 

"  (38.)  Steam-boilers  of  the  second  class  may  be  stationed  inside 
a  workshop  which  does  not  form  part  of  a  dwelling-house,  or  of 
a  factory  or  establishment  consisting  of  several  stories. 

"  (39.)  If  a  boiler  of  the  second  class  be  within  5  metres  from  a 
dwelling-house  or  the  public  road,  an  intermediate  wall  of  defence 
shall  be  erected,  as  prescribed  in  article  36. 

"  (41.)  The  authority  given  by  the  inspecting-officer  for  boilers 
of  the  first  and  second  class,  shall  indicate  the  situation  of  the 
boiler,  its  distance  from  dwelling-houses  and  the  public  roads,  and 
shall  determine,  if  there  be  space  enough,  the  direction  to  be  given 
to  the  axis  of  the  boiler. 

"  This  authority  shall  also  specify  the  situation  and  dimensions, 
as  to  length  and  height,  of  the  wall  of  defence,  where  this  is  re- 
quired, in  conformity  with  the  above  regulations. 

"  In  determining  these  dimensions,  regard  must  be  had  to  the 
capacity  of  the  boiler,  to  the  pressure  of  the  steam,  as  well  as  to 
all  circumstances  tending  to  make  the  boiler  more  or  less  danger- 
ous or  inconvenient. 

"  (42.)  Steam-boilers  of  the  third  class  may  be  stationed  in 
workshops  which  do  not  form  parts  of  dwelling-houses,  and  it  is 
not  necessary  to  erect  a  wall  of  defence. 

"  (43.)  Steam-boilers  of  the  fourth  class  may  be  stationed  in 
any  workshop,  even  if  this  forms  part  of  a  dwelling-house. 

"  In  this  case,  the  boilers  must  be  furnished  with  an  open 
manometer. 

"  (44.)  The  furnaces  of  steam-boilers  of  the  third  and  fourth 
class  shall  be  entirely  separated,  by  a  space  of  at  least  50  centi- 
metres, from  any  dwelling-house." 

According  to  these  regulations,  a  boiler  of  the  dimensions  taken 
for  illustration,  and  supposing  the  maximum  pressure  to  be  3 
atmospheres,  would  be  in  the  second  class,  for — 2-203  X  3  = 
6609,  which  is  below  7. 

Second  Example. — What  should  be  the  dimensions  of  a  cylin- 
drical boiler,  with  two  additional  tubes,  intended  to  supply  an 
engine  of  16  horses  power,  the  diameter  of  the  main  body  being 
•9  m.,  and  that  of  the  tubes  -45  m.  ? 


Assuming  1-2  sq.  m.,  per  horse  power,  for  the  heating  surface, 
we  shall  have  1-2  X  16  =  192  sq.  m.,  for  the  entire  heating  sur- 
face. Half  of  the  surface  of  the  main  cylinder  of  the  boiler,  and 
three-fourths  of  that  of  the  tubes,  is  the  best  disposition  of  this 
heating  surface.  These  data  give  rise  to  the  following  formula : — 
2aRxL.       . 3 


19-2  sq.  m.  = 


+  r2*rXLx2X-r  = 


L  = 


192  *,, 

„  -™    =  5-43  m. 
3-533 


2  '  4 

tKL  -f  3cr  r  L  — . 
L  here  represents  the  length  of  the  boiler  and  tubes,  which  is 
the  only  unknown  term. 

Substituting  for  R  and  r  their  numerical  values,  -45  and  -225, 
we  have — 

19-2  sq.m.  =  3-14  X    45  X  L  +  3  X  314  X    225  X  L;  or 
19-2  sq.m.   ==  L  (3-14   X    -45)   -f  3   X    314   X   "225  = 
L  (1-413  +  2-12); 
whence, 

19-2 
1-413  +  2.12 

Thus,  the  total  length  of  the  boiler  is  5-43  m.,  but  the  ends 
being  hemispherical,  the  length  of  the  cylindrical  portion  is 
equal  to — 

5-43  —  -9  =  4-53  m. 
The  tubes  usually  project  in  front  of  the  main  body,  to  a  dis- 
tance of  about  50  centimetres  ;  but,  for  convenience  in  constructing 
the  return  flues,  they  do  not  extend  as  far  back,  so  that  they  are 
of  about  the  same  length  as  the  main  body. 

192.  In  distillery  boilers,  a  horse  power  is  understood  to  mean 
the  capability  of  evaporating  25  kilogrammes  of  water  in  an  hour. 
Thus,  a  boiler  of  10  horses  power  should  be  capable  of  evaporating 
250  kilog.  of  water  in  that  time.  Now,  assuming  1*12  sq.m.  of 
heating  surface,  per  horse  power,  for  a  steam-engine,  we  should 
only  have  an  evaporation  of  from  18  to  20  kilog.  per  hour,  per 
horse  power,  and  per  square  metre  of  heating  surface. 

DIMENSIONS   OF  FIRE-GRATE. 

193.  In  practice,  1  square  metre  of  grate  will  burn  from  40  to 

45  kilog.  of  coal  per  hour.     Thus,  a  boiler  intended  to  produce 

280  kilog.  of  steam  per  hour,  will  require,   for   this  purpose — 

assuming  that  1  kilog.  of  coal  produces  6-65  of  steam — 

280 

=  43  kilogrammes  of  coal ; 

6-65  ° 

and  the  furnace  of  this  boiler  should  have  a  grate,  measuring  1 

square  metre. 

The  grate-bars  are  generally  of  cast-iron,  of  from  30  to  35 
millimetres  in  width,  but  having  between  them  a  space  of  only 
7  or  8  millimetres,  so  that  the  intervals  only  occupy  a  fourth  or 
a  fifth  of  the  whole  area. 

It  has  been  found  that  greater  strength  and  durability  is  ob- 
tained by  making  the  bars  straight  above,  and  strengthened  by 
parabolic  feathers  below. 


194.  The  height  of  chimneys  is  very  variable,  and  cannot  be 
subjected  to  any  fixed  rule.  The  cross  section  at  the  summit  de- 
pends upon  the  size  of  the  grate,  and  is  generally  about  a  sixth  of 
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this.      Iii  (lie  following  application  will  be  found  calcula' 
•peeling  chimiifv.*,  and  examples  of  the  various  rules  we  have 
just  f.  I 

M"IOX. 

\\  •    propose  calculating  the  dim  the  furnace  of  a 

will  it*  chimney,  fur  an  engine  ot  8  horses  power 

ample,  to  Ik-  raked  on  the  1  mg,  as  a 

maximum,  5  kilogrammes  of  .  |.u,r,   par  hoar,  the 

amount  of  heating  surface  being  taken  at  1*59  sq.  m.,  per  horse 

power. 

•rscs  power,  the  hatting  surface  will  be — 

1-fiS    X    *   =    12-lCsq.  m. 

Each  square  l  ting  surface  producing,  at  an  average, 

18  kilogrammes  of  ."team,  » •  ' 

18-6   X    18  =  218-88  kilog.  of  steam. 

As  5  kilog.  of  steam  are  prodaoed  by  1  kilog.  of  coal,  then — 

218-88  ..  .  ._ 

=  43-8  kilog., 

5 

nting  the  quantity  of  coal  consumed  per  hour. 

The  grate  ai  ling  to  this  consumption,  assuming 

that  one  square  decimetre  is  sufficient  for  12  kilog.  per  hour,  will 

be- 

43-8         „„  ,.  .    , 

— —  =   36  square  deeUD 

supposing  a  fourth  of  this  area  to  be  free  to  the  passage  of  air. 

It  now  only  remains  to  calculate  the  cross  sectional  area  of  the 
chimin  y.      With  reference  to  this  we  tnu-t  remark,  that  18  cubic 
f  air  art  required  for  the  consumption  of  1  kilog.  of  coal ; 
tin  refore,  43-8  kilog.  will  require 

9  X  18  =  788-4  cubic  metres. 

This  air,  in  traversing  the  lire,  relinquishes  a  portion  of  its 
oxygen,  which  is  partially  replaced  by  carbonic  acid  gas  and  steam. 
It  the  gases  escape  from  the  chimney  at  a  mean  temperature  of 
300°  centigrade,  the  volume  being,  according  to  M.  Peclet,  at  the 
rate  of  38-64  cubic  m.  per  kilog.  of  coal,  will  be  43-8  X  38  54  as 
1C88  cubic  metres  per  hour.  If  we  divide  this  by  3G00,  we  shall 
obtain  the  quantity  which  escapes  per  second  ;  namely, 

=   -4089  cubic  m. 

If  «r  assume,  as  is  usually  the  case  with  boflen  of  the  propor- 
i.    discussed,  thai  the  chimney  ii  28  metre*  high,  the 
external  atmosphere  being  at  a  tempi  ratnre  of  16  centigrade,  tie- 
rate  of  exit  of  the  gases  may  beobtai 1  by  the  following  formula: — 

V  =   ^-2:i  II  a  (f— 4). 
Iii  the  rase  under  consideration,   II  =  22  m.,  <i  is  the  constant 
multiplier,  -00366,  t  =  300  .  I  =  l.r>  ,  and  •_'../  =  19  88.      SubafaV 
tutiiiK.  than,  for  the  letters  their  numerical  values,  wo  have 
V  =  \'V.>  02  X  22  X    00365  X  (300—15)  =  81. 

•■■■in    the  chimney-top  at 

of  81  metres,  per  second,  if  it  meets  with  no  re 

from  the   lateral  surfaces  of  the  Hues  and  chimney  ;  the  actual 
rate,  however,  is  only  70  par  cent,  of  this—  or, 
21  X  -7  =  117  in. 
If  we  divide  the  volume  of  gas  which  escapes  per  second  by 
the  rate  at  which  it  escapes  in  that  time,  as  just  determined,  we 


►hall  obtain  the  cross  sectional  area  proper  for  the  upper  part  of 
the  chimney  ;  as  thus — 

=  3-2  square  deem 
14-7 

Thus  the  chimney,  which  is  supposed  to  be  square,  will  only 
to  measure,  internally,  somothu  j    1  ■    -    than    t 
•  .ich   way  at    the   point   of  exit;  ti  a  mini- 

mum dimension,  and  it  will  be  advisable  to  give  it  greater  dimen- 
sions than  these.      Thus  it  might  be  made  I  •   square, 
i   30  or  35  centimetre-,  it'  tie  re    i>   an)  likelihood  of  the 
power  of  the  boiler  being  increased  :, 

frequently  sailed  for  in   mat  bowerer, 

ibnuM  always.  I  |  J  means 

of  which  the  draught  may  be  suited  to  the  requirements. 

.-Ml  IV  V.\: 
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195.  EM  boflen  aro  always  provided  with  various 

i/Wy  rn/rc«,  iiiiiiionictcrs,Jiitalt,  alarm  irhiitln. 
The  manometer  is  an  instrument   which  serves  to  indicate  the 
pressure  of  the  steam  inside  the   boiler  in  atmospheres,  and  frac- 
tions of  atmospheres.     These  instruments  arc  constructed  after 
various  systems. 
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The  float  serves  to  indicate  the  level  of  the  water,  and  the 
whistle  to  give  the  alarm  when  the  water  is  much  below  the  pro- 
per level. 

The  safety  valve  provides  an  exit  for  the  steam  when  the  pres- 
sure is  too  high. 

We  have  given  a  drawing  of  one  at  fig.  4,  Plate  XI.  Their 
diameters  vary  with  the  dimensions  of  the  boilers  and  the  pres- 
sure of  the  steam. 

The  regulations  of  the  French  Government  contain  the  following 
rules  and  the  above  table  for  their  determination.  To  fiud  the  proper 
diameter  for  the  safety  valve,  the  heating  surface  of  the  boiler, 
expressed  in  square  metres,  must  be  divided  by  the  maximum 


pressure  of  steam  intended  to  be  maintained,  expressed  in  atmo- 
spheres, previously  diminished  by  the  constant  -412;  the  square 
root  of  the  quotient  being  extracted,  is  to  be  multiplied  by  26, 
and  the  product  will  be  the  diameter  sought,  expressed  in  centi- 
metres.    This  rule  may  be  put  as  a  formula,  thus : — 


,=2-6V^ 


412   ' 

where  d  is  the  diameter  of  the  valve  in  centimetres,  s  the  heating 
surface  of  the  boiler,  including  both  fire  and  flue  surface,  expressed 
in  square  metres,  and  n  the  number  expressing  the  pressure  in 
atmospheres. 


CHAPTER  V. 
THE  STUDY  AND  CONSTRUCTION  OF  TOOTHED  GEAE. 


196.  Toothed  gear  is  a  mechanical  expedient,  universally  em- 
ployed for  the  transmission  of  motion.  It  is  met  with  of  all  pro- 
portions, from  the  minute  movements  of  the  watch,  to  the  gigantic 
fittings  of  manufacturing  workshops.  Toothed  gear  is  generally 
constructed  with  a  view  to  the  following  principle  of  action — 
that  the  lateral  acting-surfaces  develop  the  same  arc  during 
the  same  duration  of  contact,  whilst  their  angular  velocities 
vary  inversely  as  their  diameters.  By  the  angular  velocity  of 
any  body,  turning  about  a  centre,  is  meant  the  angle  passed 
through  by  the  body  in  a  unit  of  time ;  whilst  the  real  or  linear 
velocity  of  any  point  is  the  space  passed  through  by  this  point, 
whether  the  direction  of  motion  be  rectilinear  or  circular.  Thus, 
various  points  on  a  crank,  taken  at  different  distances  from  the 
centre  of  the  shaft,  have  all  the  same  angular  velocity,  whilst  their 
actual  velocity  differs  considerably,  because  of  their  respective 
distances  from  the  centre.  It  is  the  same  with  a  pendulum,  which 
vibrates  through  an  angle,  or  has  an  angular  motion  about  its 
centre  of  suspension.  The  angular  velocity  of  a  body  is  greater, 
as  the  angle  passed  through  in  the  same  time  is  greater.  Two 
points  may  have  the  same  angular  velocity,  although  the  space 
passed  through  by  each  may  be  very  different.  Thus,  all  the 
points  in  the  pendulum  are  affected  with  an  equal  angular  motion, 
whilst  their  actual  velocities,  or  the  course  traversed  by  each, 
varies  as  the  distance  from  the  centre  of  motion. 

This  description  of  gear  consists  of  a  series  of  projections,  or 
teeth,  regularly  arranged  on  straight,  cylindrical,  or  conical  sur- 
faces, termed  webs,  and  disposed  so  as  to  act  on  each  other  during 
a  limited  time. 

In  order,  however,  that  the  gearing  action  may  take  place  in  a 
regular,  even  manner,  it  is  indispensably  necessary  that  the  sur- 
faces of  the  teeth  should  bear  upon  each  other  tangentially, 
throughout  the  entire  duration  of  their  contact ;  and  for  this  pur- 
pose, far  from  being  arbitrarily  designed,  their  form  should  be 
determined  with  the  utmost  geometrical  exactitude,  for  on  their 
form  entirely  depends  their  accurate  and  easy  working.     It  is, 


therefore,  obviously  incumbent  on  the  student  to  give  particular 
attention  to  the  delineation  of  these  teeth. 

The  curves  generally  adopted  in  practice  for  the  outline  of 
teeth,  are  the  involute,  the  cycloid,  and  the  epicycloid. 

It  is  useful  to  investigate  the  nature  and  construction  of  these 
curves,  both  on  account  of  their  application  to  the  teeth  of  wheels, 
and  also  because  of  their  employment  in  several  other  mechanical 
contrivances. 


INVOLUTE,  CYCLOID,  AND  EPICYCLOID. 
PLATES  XVIII.  AND  XIX. 

INVOLUTE. 

Figure  1.— Plate  XVIII. 

197.  When  a  thread  is  unwound  from  the  circumference  of  a 
circle,  and  is  kept  uniformly  extended,  its  extremity  will  describe 
the  curve  known  as  the  involute. 

This  definition  serves  as  a  basis  for  obtaining  the  geometrical 
delineation  of  the  involute.  Let  ABC  be  the  given  circle  of 
the  radius,  A  O,  and  A  the  extremity  of  a  thread  wound  upon  it. 
Starting  from  the  point,  a,  mark  off,  at  equal  distances  apart, 
several  points,  as  a,  b,  c,  so  near  to  each  other,  that  the  interven- 
ing arcs  may  be  taken  for  straight  lines  without  sensible  error. 
Through  each  of  these  points  draw  tangents  to  the  circle,  or  per- 
pendiculars to  the  corresponding  radii ;  and  on  these  tangents  set 
off  distances,  equal  to  the  rectifications  of  the  respective  arcs,  A  a, 
Ab.AC,  &c. ;  by  which  means  are  obtained  the  points,  a,  b',  c',  &c, 
and  the  curve  passing  through  these  points  is  a  portion  of  the 
involute.  By  continuing  the  development  or  unwinding  of  the 
thread,  the  curve  may  be  extended  to  a  series  of  convolutions, 
increasing  more  and  more  in  radius,  and  becoming  a  species  of 
spiral.  After  one  complete  evolution  of  the  circumference,  the 
shortest  distance  between  two  consecutive  convolutions  is  always 
the  same,  and  equal  to  the  development  or  rectification  of  the 
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circumference  of  the  generating  circle,  which  form*  the  m. 
tl.e  cur\e. 

The  ]  I  iken  at  equal  distances  apart  on  the 

circumference,  tli--  tangents  arc  respectively  double,  triple,  4c, 
that  of  :'  ind  if,  as  we  d  ,ro  suffi- 

ciently i  thor,  the  curve  may  he  drawn,  with 

i.      Thus,  with  the  point,  0,  as  centre,  ami 
radius  <i  <r.  the  first  arc,  A  a,  is  drawn  ;  ami  with  the  < 
tnd  radius,  bV,  the  second  arc,  a'b',  in  like  maimer;  and  similirly 
with  tli 

ill  show  the  application  of  the  involute  to  toothed  gear, 
worm  wheels,  and  also  for  camt  and  tccentria. 


Fiocre  2.— Plate  XVIII. 

When  a  circular  diet  i-  rolled  upon  a  plane  surface  in  a 
r  direction,  any  point  in  the  circumference  of  this  disc 
the  curve  calle  1  tho  CfdoUL     Thu«.  anv  point  taken  on 
wheel  in  motion,  descrihes  as  many 
U  of  the  curve  a<  the  wheel  makes  revolutions. 
In  order  that  the  curve  may  be  perfect  and  true  throughout, 
it  is  necessary  that  the  motion  should  take  place  without  anv  slid- 
ing upon  the  plane ;   in  other  words,  the  length  of  the  straight  lino 
forming  the  path  of  the  disc  should  bo  equal  to  the  portion  of  the 
drcmnference  which,  daring  the  motion,  has  been  applied  to,  or  in 
contact  with,  the  plane'  throughout  that  length. 

We  i  ro] to  delineate  the  cycloid  generated  by  the  point,  a, 

of  a  circle  of  tho  given  radius,  A  o,  and  rolling  upon  a  given 
t  line,  n  C. 
There  are  several  methods  of  solving  this  problem. 
1  l&  '  '  3et  off  on  the  circumference,  starting  from  the 

a  number  of  distances  equal  to  A  a,  so  small  that  the  arcs 
■0  divide  1  may  be  taken  as  straight  lines.     Set  otT  the  same  dis- 
tance a  like  inn  along  the  straight  line,  a  c,  ami  at 
•-,  (i  be,  erect  perpendiculars,  catting  the  line,  oo',  gene- 
rated by  the  centre  of  the  rolling  fir  1,1  to  the  given 
line,  B  c.     In  thii  way  are  obtained  the  points  of  inter- 
.  o\  "",  which  an-  the  centres  of  the  circle  "hen  in  the 

\  o,  >/.     With 
each  of  i 

of  which  successively  set  off  the  the  arcs, 

v  "'.  »  from  a  to  a",  b  to  a',  at 

on  throughout.     The  carve,   \  a"  <•'  V  if,  passing  through  the 

points  t!  the  CJ  doid  required. 

The  points  in  this  curve  may  also  1 htaincd  by 

horiaontal  linea  throngfa  the  points  of  division,  a 

le,  and  then  intersecting  these  by  the  arcs  drawn 
with  tl  •  ii1,  o*. 

■■'i'oii.  — Iii  place  of  drawing  arcs  of  circle*  with  the  various 
ii  the  right-hand  side  of  fig.  3,  the  curve 
bl  lined  bj  setting  off  successively  from  the  vertical,  a  o, 
on  the  boriaonl  I  drawn,  distances  eqaal  to  tl 

ly  oontained  between  the  original  circle  and  the  perpendi- 
culars through  the  several  corresponding  positions  of  thi 


distances,  ee',ff,  gg,  h  »',  &c,  are  set  off  from  1  to  a', 
2  to  &',  3  to  <?,  Ac. 

To  avoid  confusion,  we  have  constructed  the  diagram  appertain- 
il  last  solution  to  the  left-hand  side  of  tig.  2,  which  (hows 
a  portion  of  a  second  cycloid  similar  to  the  first. 

Winn  the  generating  circle  lias  made  half  a  revolution,  the  sum- 
mit of  the  curve  is  obtained,  as  at  l>',  the  point  corresponding  to 
the  diameter,  A  i>.      The  length,  A  C,  of  the  givm  straL-1  I 
obviously  equal  to  the  rectification  of  the  semi-circu 
generating  circle,  whose  radius  is  a  o. 

By  continuir  •  BOB,  a  complete  curve  may  be  ob- 

tain^!, having  equal  and  symmetrical  portions  on  either  side  of  the 

■  d,  and  having  for  its  base  a  line  double  the  l 
a  c,  and  oonat  ijuently  I  ircum- 

ference  of  the  gonermting  circle. 

The  cycloid  is  the  curve  more  generally  given  to  the  I 
wheel  gear  and  endless  screws. 

E  X  T  E  It  N  A  L    EPICYCLOID. 

Item  1. — Plate  XIX. 

193.  The  epicycloid  only  differs  fom  the  ryd.'id,  in  that  tho 
generating  circle,  instead  of  rolling  ie,  does 

so  around  a  second  circle,  which  is  i, 

are  in  the  same  plan.  .  the  point  taken  generates  a  ligki  orry/iWn- 
|  oloid  :  when  the  two  circles  are  situate  in  different  planes, 
but  maintaining  a  uniform  angle  to  each  other,  the  general 
becomee  a  spAsrie  epicycloid;  in  this  circle  is 

1  to  revolve  about  a  fixed  centre,  at  the  same  time  rolling 
along  the  circumference  of  the  stationary  circle. 

■■'■■,.     Poi  the  delineation  of  the  right  epicycloid,  the 

methods  of  construction  to  be  adopted  are  aii.ilo_-.iiv  to  t' 
for  the  cycloid.     Thus,  let  a  o  be  the  radius  of  the  generating 
circle,  and  \  C  the  radius  of  the  fixed  circle  ;  divide  the  former  into 
a  number  of  equal  parts  in  the  point-  .    I  on  tho 

latter  divide  offtl  many  an  s  equal  to  the  arcs  of  the  form 
ing  from  A,  as  at  Through  thl  ..|"  divi- 

sion draw  radii,  0  ",  0  '',  <  c,  and  prolong  tie  m  so  M  to  cut  a  circle, 
the  radios  of  which  is  C  O ;  this  circli  I  ted  by  the  centre 

of  the  moving  one  during  its  rotation  about  the  stationary 

tlii-  way  are  obtained  the  poii.'  which  are  tli 

lions  of  the  centre  ol  :  iring  its 

rotation  it  is  successively  in  contact  at  the  points,  .;.  '■.,-, ,/,  of  the 
I  h.n.  with    t''  I  ibe   the 

i  Iii  with  the  ig  thi  n 

severally  i  qua!  to  the  corresponding  art  s,  \  •< .  \  !■ .  a  <■',  as  from 
a  to  o*,  [he  curve  ]      ing  through  thi 

a',  ?>',  <-'.  Ii  the  epicycloid  required. 

ason.    Tin  points  of  this  curve  may  also  be  determined 
by  drawing,  with  the  centre,  < .  arcs  passing  through  the  points  of 

division,  a  ,  b  .  r  ,  n\  and  cutting  the  arcs  described  with  the  various 
',  o1,  o',  o',  in  a',  t',  c',  of,  which  are  so  many  points  in  tho 

'id. 

.ili'iin. — The  curve  may  also  be  delineated  by  transfi  rting 
the  distance  between  the  points,  <•,/.;/■  ■■  Denting 

circle  in  its  original  position,  and  the  radii,  c  A,  C  i,  0  k,  passing 
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through  the  different  points  of  contact  on  the  stationary  circle, 
measured  upon  the  arcs  described  with  the  centre,  c,  to  the  same 
arcs,  but  so  that  the  extremities  of  the  whole  may  lie  in  the  pro- 
longation of  the  radius,  en.  Thus  the  distances,  e  e,  ff,  g  g,  &<•■, 
are  set  off,  from  1  to  a3,  2  to  b";  3  to  c3,  &c.  The  diagram  refer- 
ring to  this  construction  forms  the  right-hand  portion  of  fig.  1. 

When  the  generating  circle  has  made  an  entire  revolution,  the 
curve  obtained  is  an  entire  epicycloid,  a  d  b,  comprising  two  equal 
and  symmetrical  portions  on  either  side  of  the  line,  D  E,  which  is 
equal  to  the  diameter  of  the  moving  circle. 

EXTERNAL  EPICYCLOID  DESCRIBED    BY  A  CIRCLE  ROLLING  ABOUT 

A   FIXED   CIRCLE    INSIDE   IT. 

Figure  3.— Plate  XIX. 

200.  For  this  diagram,  which  is  analogous  to  the  preceding  one, 
the  radii  of  the  circles  are  given,  c  A  being  that  of  the  fixed  circle, 
and  b  a  that  of  the  moving  one.  Divide  the  first  circle  into  any 
number  of  equal  parts,  in  the  points,  a,  b,  c,  d,  &c,  and  divide  off, 
on  the  larger  circle  of  the  radius,  b  a,  a  like  number  of  arcs,  equal 
to  those  on  the  other  circle,  as  from  a  to  a,  a  to  b,  &c.  Then 
with  the  point  c  as  centre,  and  with  the  radius  b  c,  describe  a 
circle,  cutting  the  radii,  c  A,  c  a,  c  b,  c  c,  in  the  points,  b  b1,  b3,  b3, 
and  with  each  of  the  last  as  centres,  and  with  the  radius,  A  B, 
describe  arcs,  which  will  be  tangents  to  the  fixed  circle,  at  the 
different  points  of  contact,  a,  b,  c,  in  succession.  Then,  with  the 
centre,  c,  describe  arcs,  passing  successively  through  the  points, 
a, b',  c,  d',  on  the  moving  circles,  as  in  its  first  position.  These 
last  will  cut  the  arcs  tangential  to  the  given  circle,  in  the  points, 
a3,  P,  c3,  cp,  and  the  curve  passing  through  these  points  is  the 
epicycloid  sought. 

The  other  two  methods  given,  of  drawing  the  common  epicy- 
cloid, are  also  applicable  to  this  last  case. 

INTERNAL     EPICYCLOID. 
Figure  2.— Plate  XIX. 

201.  The  epicycloid  is  termed  internal,  when  the  generating 
circle  rolls  along  the  concave  side  of  the  circumference  of  a  fixed 
circle. 

Let  c  A  be  the  radius  of  the  fixed  circle,  and  b  a  that  of  the 
generating  circle.  As  in  preceding  cases,  so  also  here,  we 
commence  by  dividing  the  moving  circle  into  a  certain  number  of 
equal  parts,  and  then  dividing  the  fixed  circle  correspondingly,  so 
that  the  arcs  thus  obtained  in  each  may  be  equal.  We  then  pro- 
ceed as  in  the  case  of  the  external  epicycloid,  according  to  which- 
ever of  the  three  solutions  we  propose  adopting,  all  being  alike 
applicable.  The  operations  are  fully  indicated  on  fig.  2,  and  the 
same  distinguishing  letters  are  employed  as  in  fig.  1. 

When  the  generating  circle  is  equal  to  half  of  the  fixed  circle, 
the  epicycloid  generated  by  a  point  in  the  circumference  is  a 
straight  line,  equal  to  the  diameter  of  the  fixed  circle.  Thus,  in 
fig.  3,  Plate  XVIII.,  the  epicycloid  generated  by  the  point,  A,  of 
the  moving  circle  of  the  radius,  a  c,  after  a  semi-revolution,  coin- 
cides exactly  with  the  diameter,  A  B. 

If,  with  circles  of  the  same  proportions  as  those  in  fig.  3, 
Plate  XVIIL,  we  take  a  point,  d,  outside  the  generating  circle, 
but  preserving  a  constant  distance  from  it,  the  epicycloid  generated 


by  it  will  be  the  ellipse,  dfeo,  having  for  its  transverse  axis  the 
line,  d  e,  equal  to  the  diameter,  A  b,  of  the  fixed  circle,  augmented 
by  twice  the  distance,  d  a,  of  the  point,  D,  from  its  extremity ;  and 
for  conjugate  axis,  the  line,  G  F,  equal  to  twice  the  same  distance, 
D  A,  alone.  If  it  is  wished  to  determine  this  curve  according  to 
its  properties  as  an  epicycloid,  and  without  having  recourse  to  the 
methods  given  in  reference  to  Plate  V.,  and  proper  to  the  ellipse, 
it  may  be  done  by  adding  the  distance,  A  d,  to  that  of  the  radius, 
C  A,  in  each  successive  position  occupied  by  the  generating  circle 
during  its  rotation.  If  the  generating  point  be  taken  inside  the 
moving  circle,  the  curve  produced  will  also  be  an  ellipse. 

The  epicycloid  is  the  curve  most  employed  for  the  form  of 
the  teeth,  whether  of  external  or  internal  spur  or  bevil  wheels. 

Toothed  gearing  may  be  divided  generally  into  two  categories ; 
namely,  right,  cylindrical,  or  "  spur"  wheels,  and  conical,  angular, 
or  "  bevil"  wheels.  In  the  first  are  comprehended  the  action  of  a 
rack  and  pinion,  that  of  a  worm  or  tangent-screw  with  a  worm- 
wheel,  and  finally,  that  of  two  wheels.  We  may  remark,  that  in 
all  these  modes  the  teeth  are  so  formed  and  arranged,  as  to  act 
equally  well  whichever  of  each  couple  be  the  driver,  and  in  which- 
ever direction  the  motion  takes  place. 

THE  DELINEATION   OF   A  RACK   AND   PINION   IN   GEAR. 
Figure  4.— Plate  XVIII. 

202.  A  rack  is  a  species  of  straight  and  rigid  rod  or  bar,  formed 
with  teeth  on  one  side,  so  as  to  take  into  or  gear  with  the  teeth  of 
a  right  wheel,  generally  of  small  diameter,  and  in  such  case  termed 
a  pinion.     Such  a  rack  is  represented  at  A  b  in  the  figure. 

In  proceeding  to  construct  this  design,  as  well  as  for  all  kinds 
of  toothed  gear,  it  is  necessary  to  have  determined  beforehand 
the  thickness,  a  b,  of  the  teeth,  as  this  dimension  varies  accord- 
ing to  the  power  or  strain  to  be  transmitted ;  and  rules  and  tables, 
for  this  purpose,  will  be  found  at  the  end  of  the  chapter. 

When  the  rack  and  pinion  are  made  of  the  same  metal,  the 
thickness  of  the  teeth  should  be  the  same  in  both.  The  spaces  or 
intervals  between  the  teeth  ought  also  to  be  equal  in  such  case. 
Theoretically  speaking,  the  intervals  should  be  equal  to  the  thick- 
ness of  the  teeth ;  but  in  practice,  they  are  made  a  little  wider,  to 
admit  of  freer  action. 

203.  The  pitch  of  the  teeth  comprises  the  width  of  the  tooth 
and  that  of  the  interval.  In  a  wheel  this  pitch  is  measured  upon 
a  circle  of  a  given  radius,  termed  the  primitive  or  pilch  circle,  and 
in  the  rack  on  a  straight  line  tangent  to  the  pitch  circle  of  the 
pinion,  and  also  called  the  primitive  or  pitch  line. 

204.  Let  o  c  be  the  radius  of  the  pitch  circle  of  a  pinion  gear- 
ing with  a  rack,  of  which  the  pitch  line  is  A  b.  We  propose,  in 
the  first  place,  to  determine  the  curve  of  the  teeth  of  the  pinion, 
so  as  to  gear  with  and  drive  the  rack,  and  we  shall  subsequently 
determine  the  curve  of  the  teeth  of  the  rack,  enabling  it  to  gear 
with  and  drive  the  pinion. 

The  operations  consist  in  rolling  the  straight  line,  A  c,  tangen- 
tially  to  the  pitch  circle,  O  c ;  during  this  movement,  the  point,  c, 
will  generate  an  involute,  c  d,  which  may  be  drawn  in  the  manner 
indicated  in  fig.  1 — a  construction  which  is  further  repeated  at 
a  d\  on  one  of  the  teeth  of  the  pinion,  fig.  4. 

This  curve  possesses  this  property,  that  if  the  teeth  are  formed 
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to  it,  and  the  pinion  be  turned  on  its  axis,  the  point  of  contact,  r, 
will  always  be  in  the  straight  line,  a  n,  traversing  this  line  at  pre- 
cisely the  same   velocity  as  tin    pinion  at  that   distance  from  the 
•  bat  i",  at  the  pitch   I  M  n:ly.  wo  ilivi.le  this 

pitch  circle  into  as  many  equal  parts  as  tie  I  k  •  th  and 

intervals  in  the  pinion,  and  at  each  of  the  point-  of  ilivi-i 

D,  which  will,  of  course,  fulfil  the  M 
ditions  at  the  various  positions  ;  then,  each  of  these  divi  i 
fied  is  act  off  on  the  pitch  line,  a  n,  of  the  rack,  as  many  times  as 
U  necessary.     For  each  tooth  the  curves  arc  placed  symmetrically 
with  reference  to  the  radius  which  passes  through  their  c>  l 
indicated  at  O  (/',  so  that  the  pinion  may  act  equally  well  when 
turning  in  one  direction  as  in  the  other. 

205.   E  BBOJBOl  Ian'  an  indefinite. length,  they  may 

be  limited  as  far  as  is  compatible  with  the  following  considcra- 
tions :— The  tooth  of  the  wheel,  which  is  the  driver,  should  not 
reliiupji.-h  contact  with  the  one  upon  which  it  acts,  until  the  tOOttl 
itely  succeeding  it  has  taken  up  its  original  position,  which, 
in  the  working  .  corresponds  to  the  line  joining  the 

centres,  and  in  that  of  a  pinion  and  rack,  to  the  radius,  o  C,  per- 
pendicular to  the  pitch  line,  a  b. 

Thus,  supposing  the  pinion  to  move  in  the  direction  indicated 
by  the  arrow,  the  tooth,  E,  which  is  acting  on  the  tooth,  II,  of  the 
rack,  should  continue  to  impel  it  until  the  following  tooth. 
have  taken  its  place,  when  it  will  itself  have  taken  the  place  of  the 
tooth,  r,  having  made  the  tooth,  II,  of  the  rack  traverse  to  I.  It 
will  be  observed  that  the  curved  part  of  the  tooth  is  in  contact  at 
the  point,  r,  on  the  pitch  line,  a  n ;  the  tooth  might  be  cut  away  at 
this  point ;  but  in  practice,  in  order  that  the  pinion  teeth  may  act 
through  a  somewhat  greater  interval,  and  to  avoid  the  play  n  Milt- 
ing from  wear,  they  are  truncated  at  a  little  beyond  this  point,  c, 
a  circle  being  described  with  the  centre,  o,  cutting  the  curves  of 
all  the  teeth  at  equal  distances  from  the  centre. 

To  allow  of  the  passage  of  the  uirw  1  portion  of  the  teeth  of 
the  pinion,  the  HCk  mml  be  grooved  out,  so  as  to  present  bearing 
surfaces,  which  ere  determined  limply  by  the  perpendiculars,  bf, 
cd,gb,  to  the  pitch  line,  A  n,  and  passing  through  the  points  of 
division  already  set  out  on  this  line. 

i  perpendicolara,  at  the  same  time,  form  the  sides  or  thinks 

of  the  nek  teeth. 

usly  speaking,  the  depth  of  the  intervale  00  the  tank 
should  he  limited  by  the  straight  line,  m  n,  tangential  to  the  ex- 
ternal circle  of  the  pinion;  but,  to  prevent  the  frieti f  the  DM  th 

against  the  bottom,  it  i-  preferable  to  augment  the  depth  of  the 
hollows  by  a  small  quantity,  joining  the  sides  of  the  teeth  with 
the   bottom    by  small    quadrants,   which,   avoiding    lharp    angles, 

trength  to  the  teeth 

ii  fa  oonaamotad  so  as  to  drive, 

■  >r  be  driven,  indifferently,  we  require  yet — to  complete  th 

tCM  th  of  the  rack  such  curva- 
ture as  is  necessary  to  cnaMc  them  tO  drive  the  pinion  with  which 
they  arc  in  par  in  their  turn,  always  fulfilling  the  conditions  of  a 
regular  and  uniform  m  I  the  nick  at  its  pitch  line,  and 

Of  the  pinion  at  its  pitch  circle. 

With  a  view  to  the  dot.  rtninati. m  of  this  curve,  we  may  remark, 
that  if,  with  the  radius,  u  c,  as  a  diameter,  we  describe  the  circle, 


0  l  c,  a:  r  11  along  the  straight  line,  a  n,  the  point  of 
contact,  C,  will  generate  a  cych.id,  0  k,  which  maybe  coi. 
according  le  indicated  it; 

ame  circle  is  made  to  roll  el 

.i.  of  th.   pinion,  the  same  point,  C,  will  generate  a  right 
with  the  radius,  o  c,  as  lias  been  seen  in 
:'.,'.  3. 

th  of  the  rack  the  curve,  c  K,  and  to 
the  flanks  of  the  pint  n  teeth  the  straight  !.  arrange- 

ment will  exactly  fulfil  the  condition  sought ;  that  is  to  say.   that, 
in  Impelling  the  pinioa  tooth  from  right  t.>  loft,  the  onrve,  >  k.  of 
the  rack  teeth  will  constantly  apply  itself  to  the  Mr . 
being  always  tangential  to  it. 

I  I  urv.  .  ok,  to  l>c  traversed  to  the 

I  i..  the  radius,  o  0,  will  then  be  in  the  B^ainta,  .•  i  : 
then,  if  from  the  |K)int,  L,  the  straight  line,  L  0,  be  drawn,  the 
: , I  .  will  be  a  right  angle:  that  is  to  say,  the  line.  0  I .  will 
ndicular  to  LC,  and,  consequently,  tangential  to  the  curve, 
i.  >'.  in  the  point,  l.  If,  therefore,  the  motion  of  the  rack  is  re- 
gular and  uniform,  that  of  the  pinion  will  he  eqoally  so.  'I'Ik- 
same  curve,  C  K,  is  drawn  at  each  of  the  points  of  division  uf  the 
pitch  line  of  the  rack,  as  was  already  doi.  th  of  the 

pinion. 

To  find  the  proper  length  to  give  to  the  teeth,  all  that  I 
sary  is  to  place,  in  the  generating  circle,  o  t. .  .  a  chord,  i. .  ,  equal 
to  twice  C  V,  and  through  the  point,  i.,  thereby  obtained,  to  draw 
t  line,  M  N,  parallel  to  A  n.  If,  through  all  the  points  of 
division  in  the  pitch  circle  of  the  pinion,  are  drawn  radii  con- 
verging in  the  centre.  .',  they  will  cive  the  tlaJik- 
i  j.  1: 1,  AH'.,  which  are  limited  by  a  DON  le  described  with  th. 

0,  and  tangential  to  the  Straight  line,  m  I ;  tor  the  same  reason  as 
that  assigned  in  the  ease  of  the  rack,  howev 

the  b  eth  are  made  a  little  deeper,  and  the  sides  of  the  ti 
joined  to  the  bottoms  by  quarter  circles,  the  circle  in  which  the 
bottoms  lie  being  dl  scribed  with  a  radius  somewhat  Ian  than  that 
of  the  circle  last  drawn. 

As  it  would  be  a  tedious  process  to  repeat  the  operations  for 
determining  the  curves  In  the  oaae  of  each  individual  tooth,  it  fa 
a  convenient  plan  to  cut  a  piece  of  card  or  thin  wood  to  the  curve, 
so  u  tO  form  a  pattern  or  template,  by  the  application  of  which  to 

each  of  the  points  .>i  division,  the  tides  of  the  teeth  may  be  drawn, 

car.  being  taken  to  make  the  two  sides  of  each  perfectly  symme- 
trical with  reference  to  th.   , ,  atrc  line  of  the  tooth. 

Even  the  larmrr  flf  making  a  tm  m  is  often  dis- 

ponsod  with,  and.  in  place  of  the  curve,  a  simple  circular  arc  is 

employed  for  th.  side  of  the  tooth,  the  arc  being  of  such  a  radius 

a-  to  approximate  as  near  the  true  curve  as  possible.      'With   this 

view  the  arc  should  l.o  tangential  to  the  side  of  the  tooth,  and 

parting  through  the  externa]  corner.  Thus,  supposing  it  fa 
wished  to  inhetitata  SO  arc  for  the  true  curve  of  the  rack  to.th, 
such  as  o  r  of  the  tooth,  r,  since  this  arc  has  to  pass  through  the 

1  |  mdinftO  I.,  and  obtained  by  making  r'  r  equal  to 

1.  </,  and  •  'raw  the  chord, 
0  r,  and  bisect  it  by  the  perpendicular,  «  f,  and  its  point  of  int.  r- 
seetioti.  *,  with  the  pitch  line.  A  n,  will  be  the  centre  of  the  re- 
quired arc,  and  the  sides  of  all  the  teeth  may  afterwards  be  drawn 
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with  the  same  radius,  care  being  taken  to  keep  the  centres  in  the 
line,  A  B. 

An  analogous  operation  will  give  the  proportions  of  the  arc, 
substituting  the  curve  of  the  pinion  teeth. 

THE  GEARING  OF  A  WORM  WITH  A  WORM-WHEEL. 
Figures  5  and  6. — Plate  XVIII. 

207.  This  system  of  gear  is  constructed  on  the  same  principles 
as  that  of  a  rack  and  pinion,  which  method  requires  that,  in  the 
first  place,  the  worm  and  worm-wheel  be  supposed  to  be  sectioned 
by  a  plane  passing  through  the  axis  of  the  former,  and  at  right 
angles  to  that  of  the  latter.  The  representation  of  this  section 
becomes  analogous  to  the  diagram,  fig.  4 ;  that  is  to  say,  the  pitch 
circle,  g  c  J,  of  the  worm-wheel  being  given,  and  also  the  straight 
pitch  line,  A  B,  of  the  worm  tangential  to  this  circle,  and  parallel 
to  the  axis  of  the  worm,  the  involute  curve,  C  d,  is  sought  for  the 
teeth  of  the  wheel,  and  the  cycloid,  c  K,  for  those  of  the  worm. 
The  lengths  of  these  curves  are  limited,  as  in  the  preceding  example, 
and  when  the  whole  is  complete,  an  outline  will  be  produced 
similar  to  the  tinted  portions  of  fig.  6.  It  is  in  this  manner  that 
the  gearing  of  the  worm  and  worm-wheel  is  made  to  depend  upon 
the  same  principles  as  that  of  a  rack  and  pinion,  and  the  same 
method  may  be  employed  in  construction  in  determining  the  outline 
of  the  teeth,  as  we  have  shown. 

To  represent  the  worm  and  worm-wheel  geometrically  in  exter- 
nal elevation,  instead  of  a  section  of  the  teeth  alone,  it  is  necessary 
to  know  the  diameter  and  pitch  of  the  worm  on  the  one  hand,  and 
the  thickness  of  the  worm-wheel,  fig.  5,  on  the  other. 

Let  m'  a'  be  the  distance  of  the  pitch  line,  A  b,  from  the  axis, 
m'  n,  of  the  worm,  and  a  b  the  width  of  the  wheel.  When  the 
worm  is  single-threaded  (177),  the  pitch  of  the  helix  is  the  same 
as  that  of  the  teeth,  and,  therefore,  the  thickness  of  a  tooth,  added 
to  the  width  of  an  interval.  In  this  case,  each  revolution  of  the 
worm  turns  the  wheel  to  the  extent  of  one  tooth,  and  this  is  the 
arrangement  represented  in  the  figures.  If  the  worm,  however, 
is  double  or  triple-threaded,  its  helical  pitch  will  be  correspond- 
ingly two  or  three  times  the  pitch  of  the  teeth ;  and  in  such  case, 
each  revolution  will  turn  the  wheel  to  the  extent  of  two  or  three 
teeth. 

The  worm-wheel  being  of  a  certain  thickness,  and  requiring  to 
gear  with  the  convolutions  of  the  worm,  must  necessarily  have  its 
teeth  inclined  to  correspond  with  the  obliquity  of  the  worm-thread. 
It  is  further  to  be  observed,  that  the  sides  of  the  wheel-teeth 
being  simply  tangential  to  the  worm-thread,  contact  cannot, 
rigorously  speaking,  take  place  in  more  than  one  point  of  each 
tooth  and  convolution.  This  point  constantly  changes  with  the 
motion,  but  always  lies  in  the  plane,  o'  m',  of  the  section. 

In  delineating  the  convolutions  of  the  worm-thread,  helices 
have  to  be  drawn  passing  through  the  external  corners,  (/,  e,  and 
internal  corners,  /,  g.  We  have  repeated  these  points  to  the  left- 
hand  side  of  fig.  6,  where  the  required  operations  are  fully  indi- 
cated, in  connection  with  the  projection,  fig.  5,  and  in  accordance 
with  the  principles  already  explained  (173).  The  corresponding 
points  in  the  two  figs.  (5  and  6)  are  distinguished  by  the  same 
letters  and  numbers. 


208.  For  the  representation,  in  external  elevation,  of  the  teeth 
of  the  worm-wheel,  it  is  required  to  develop  a  portion  of  the 
cylindrical  surface  generated  by  the  revolution  of  the  pitch-line, 
A  b,  about  the  axis  of  the  worm,  and  containing  the  portion, 
A  iklm,  for  example,  of  the  helix,  described  by  the  central  point 
of  contact,  A.  To  obtain  this,  make  the  line,  e'  a',  fig.  7,  equal  to 
the  semi-circumference,  A'niE2,  rectified.  At  the  point,  e',  erect 
the  perpendicular,  c'  e',  and  make  it  equal  to  c  e,  fig.  6,  or  half 
the  pitch,  and  join  e'  a',  whereby  will  be  obtained  the  actual 
inclination  of  the  worm-thread.  On  each  side  of  the  point,  m,  on 
e'  a',  mark  distances,  m  a'  and  m  b',  equal  to  m  a  and  m  b,  fig.  5, 
and  through  these  points  draw  parallels  to  c'  e',  and  the  portion, 
p  q,  of  the  enclosed  line  comprised  within  them,  will  serve  to  deter- 
mine the  width  and  inclination  of  the  teeth  of  the  worm-wheel. 
Through  the  points,  p,  r,  draw  p  t  and  r  s  parallel  to  e'  a',  and 
mark  off  the  distances,  ts  and  sq,  which  are  equal,  on  the  pitch 
circle  of  the  wheel,  fig.  G,  from  s  to  t  and  q,  after  having  drawn 
through  the  points,  s,  but  only  in  faint  pencil  or  dotted  lines,  the 
contours  of  the  teeth  as  sectioned  at  f  and  g'.  It  is  then  sufficient 
to  repeat  these  outlines  through  the  points,  t  and  q,  limiting  their 
length  by  the  same  internal  and  external  circles. 

Finally,  the  edge  view  of  the  worm-wheel,  fig.  5,  being  the 
lateral  projection  of  the  teeth,  is  determined  by  squaring  across  the 
points,  u,  v,  x,  to  it1,  vl,  xl,  which  give  the  interiors  of  the  teeth ; 
and  the  points,  u2,  ir,  a3,  being  squared  over  to  u3,  v3,  x3,  give  their 
exterior  edges. 

Worm-wheels  are  sometimes  constructed  with  the  form  of  the 
teeth  concave,  and  concentric  with  the  axis  of  the  worm,  with  the 
view  of  their  being  in  contact  with  the  convolutions  of  the  worm- 
thread  throughout  a  certain  extent,  in  place  of  only  touching  at 
single  points. 

This  arrangement,  which  requires  a  particular  operation  for  its 
construction,  is  generally  adopted  when  great  precision  is  required, 
and  when  it  is  wished  to  avoid,  as  much  as  possible,  any  play 
between  the  teeth  and  the  worm-thread  during  the  transmission  of 
motion. 


CYLINDRICAL  OR  SPUR  GEARING. 

PLATE  XIX. 
THE   EXTERNAL  DELINEATION    OF   TWO   SPUR-WHEELS    IN   GEAR. 


209.  Spur-toothed  wheels  are  such  as  have  their  teeth  parallel, 
and  lying  upon  a  cylindrical  surface  or  web.  When  a  couple  of 
such  wheels  are  of  unequal  size,  the  smaller  one  is  generally 
called  a  pinion,  and  the  larger  one  a  spur-wheel.  Two  wheels, 
which  are  intended  to  gear  together,  cannot  work  satisfactorily  in 
concert,  unless  their  radii  or  pitch  circles  are  exactly  proportional 
to  the  number  of  teeth  contained  by  each.  Consequently,  in 
order  to  construct  designs  for  couples  of  toothed  wheels,  it  is 
necessary  to  know — the  number  of  teeth  of  each,  and  the  radius 
of  one  or  other  of  them;  or  the  radii  or  diameters  of  both,  and  the 
number  of  teeth  of  one;  or  the  distance  between  their  centres,  and 
the  radius  or  number  of  teeth  of  one ;  or  finally,  the  number  of 
revolutions  of  each  in  the  same  time,  and  the  distance  between 
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■tres,  or  the  radius  and  DUD 
In  (In-  rules  unci  data  at  tin-  end  of  thi«  chapter,  will  be  found  the 
solution  of  the  nl  involved  ii. 

If  we  assume  the  following  data,  A  B  =  Cs  400, 

these  being  the 

wheel*,  and  n  =  24,  the   number  of  ti.ili  of  the  I'inicin— we  at 
once  ascertain  the  ova  I.  by  the 

following  proportional  formula: — 

A  B  :  B  C  : :  R  :  N.  or  'J40  :  400  :  :  21  :  N  =  40. 

Ulan  describe  the  pitch  circles  of  the  radii,  a  ii  and  tic,  and 
divide  than  respectively  into  -I  tod  40  ci[ual  parts,  thereby  ob- 
taining the  pitch,  or  tin  central  pout  of  each  tooth,  which  i< 
exactly  the  6amc  on  both  pilch  cir. !■  lividc  the  pilch 

into  four  equal  parts,  to  obtain  the  a  ntree  of  the  interval 
the  same  tiim-.  the  pofaiti  through  which  the  flanki  of  the  teeth 
pass.  If,  with  the  line,  a  D,  on  the  line  of  the  centres,  AC,  as  a 
diameter,  wc  describe  a  circle,  the  centre  of  which  is  at  0,  and 
this  circle  to  roll  round  the  pitch  circle.  D  n  r,  of  the 
spur-wheel,  the  point  B,  at  present  in  contact,  will  generate  an 
epicycloid,  n  f,  as  shown  previously  in  rei  1  ;  and 

this  curve  is  the  one  proper  to  give  to  the  side  of  tin-  teeth  of  the 
spur-wheel,  and  it  ii  accordingly  repeated  symmetrically  on  each 
side  of  the  several  teeth,  as  shown  in  the  diagram.  If,  Anther, 
we  suppose  the  same  circle  of  the  radius,  OB,  to  roll  round  the 
f  the  pitch  circle,  O  n  n,  of  the  pinion,  we  shall  obtain 
rnal  epicycloid  (sometimes  called  hypocycloid),  no,  as 
air.  ad]  explained  in  reference  to  fig.  3,  Plate  XVIII.,  and  a  por- 
tion, bo,  of  tlii-.  forms  the  Bank  of  the  pinion  tooth. 

Supposing  the  curve,  n  C,  to  form  a  part  of  the  wheel,  turning 
about  the  ■  Litre,  i  .  in  the  direction  of  the  arrow,  i,  it  will  fulfil 
the  condition  of  impelling  the  Bank,  B  a,  which  forms  part  of  the 
pinion,  so  as  to  turn  about  the  centre,  A,  in  the  like  uniformity. 
In  other  words,  the  spare  passed  through  by  the  point,  li,  on  the 
pitch  eii.  I.-.  <■  B  ii,  shall  be  exactly  the  same  as  that  passed  through 
one  point.  B,  considered  as  belonging  to  the  spur  wheel, 
on  the  pitch  circle,  I  b  i>. 

210.  In  proceeding  to  the  determination  of  the  length  to  give  to 
'<   it  u  firs)  to  be  observed  thai  the  epicycloids]  curve 
should   be  sufficiently  long  to  luar  upon  the  side  of  the  tooth, 
through  an  extent  of  circumferential  movement  equal tOtfa 

of  the  pitch  from  the  line  of  centra :  that  is  to  say.  until  the  Bank, 

ol  in  the  position,  bo,  shall  have  arrived  to  tiie  position, 

ed.     At  this  moment,  it  will  be  observed  that  the  curve,  bp, 

has  reached  the  position,  !•/.  and  is  in  contact  with  the  flank  of  the 
pinion  tOOth  in  the  point,/,  on  the  circumf.r.  nee  of  the  generating 

cin  I.  of  the  radius,  a  o.    It  will  thus  be  obvious  thai  the  point,/ 

may  be  obtained  by  simply  cutting  off,  on  the  gem  | 

are.  b/  equal  to  the  length  of  the  pitch.     Ttrougb  thi-  point,  f. 

roll  -having  i  for  its  centre,  and  it  will  cut  all  the  teeth 

m  the  proper  length. 

The  depth  of  the  intervals  i-  theoretically  determined  by  de- 

iih  the  centre,  \,  .•»  ,-iri  le  tangi  utial  to  the  Brat ;  but  in 

light  space  betwi  an  the  and* 

of  the  teeth  and  the  botfc  m  ol  the  int.  rvala  into  wUoh  tin  sa  work. 

described  with  a,  somewhat  smaller  radius, 


211.  Hence  it  is  ma:  :  position  that  the  sj 

is  intended  always  to  be  the  driver,  without  being  driven  at  any  time 
by  the  pinion,  the  teeth  ofthoepm  wheal  would  onlyreq 

of  the  form  indicated  at  I,  and  those  of  the  pinion.  1.. 

tly  tint.  1  for  the  sake  of  distinction  ;  but  generally, 
and  for  obvious  reasons,  all  spur  gear  is  so  constructed  as  to  act 
reciprocally,  an.l  equally  well,  whichever  be  the  driver,  and  wo 
must,  th  teeth  of  the  |       n,  so  that  it  may.  in  its 

turn,  perform  thai  function. 

Withtl  ril>e  a  circle  with  the  centre,i',  of  the  radius, 

I :  and  suppose  this  circle  to  roll  round  the 
pitch  circle,  B  ■  ■  -,  of  the  pinion,  the  point,  a,  at  present  in  con- 
tact, will  c. in  I  id,  hi.,  which  i-  the  proper  curve 
to  be  given  to  the  1. 1  tli  of  the  pinion.  The  same  point,  n.  cun- 
ti  on  the  spur-wheel,  will,  as  we  1  .  urate  a 
straight  line,  n'o',  when  rolling  in  the  same  niHiiner  round  the  in- 
terior of  the  circle,  r.  n  D,  and  this  line  forms  the  flank  of  the  tooth 
of  the  tpur-wheeL  The  operation  prooeedi  in  the  same  manner  as 
for  the  pinion,  the  length  of  the  teeth  of  which  is  detem 
making  the  arc.  n/.  equal  to  the  1. 1  h,  and  describ- 
ing, with  the  centre.  A.  a  circle  passing  through  the  point./". 

The  dl  [.tli  of  the  intervals  of  the  spur-wheel  is,  in  like  manner, 
limited  by  a  circle   d. -crihed   with   the  ci  litre,   c.  andr.ci 

which  is  somewhat  short  of  being  a  tangent  to  the  external  circle 

Of  the  pinion,  so  as  to  allow  a  little  play  tO  the  teeth  ill  their 
passage,   as  already  explained.      In  this  manner  arc  obtained  the 

complete  forms  of  die  teeth,  which  are  n  gular,  tymmeti  i 

similar  to  each  other,  and  satisfy  the   conditions  of  r. 

In  the  graphic  operations  here  discus-.  .1,  w.  h... 

intervals  between  the  teeth  i  equal  in  width  to  the 

teeth  themselves;    but  as,  in   practice,  it  i-  in  . -.  --.iry  to  allow   of 

some  play  between  the  teeth,  in  order  thai  they  may  work  into 

each   other  with   facility,  this  object   is  attained   by  reducing   the 

thickness  of  the  teeth  a  little;  ami  in  the  drawing,  when  I 

is  not  very  large,  it  will  be  sufficient  t..  .1.  lineate  the  ink  lint  -  just 
within  the  thickness  of  the  pcmil  lines.  Where  il  is  wished  to 
be  more  precise,  this  allowance  maybe  oalculated  at  about  iV.ih 
or  ..', , 1 1 1  of  the  pitch.  To  give  Strength  to  the  teeth,  the  interior 
i  the  intervals  are  round..!,  as  sh..w,i  at  each  tooth  in 
tig.  -I. 

When  the  pinion  i-  but  of  small  diameter,  the  web,  M,  which 
carries  the  teeth,  is  east  solid  with  the  boss,  the  interval  being 
tilled  up  with  a  disc;  but  when  the  wheel  is  larger,  as  in  the  caso 
of  the  spur-wheel,  the  v\.  h.  v| ',  is  attached  tO  the  boat!  I'',  by  arms, 
i,.,  which   ale   ttl  bntiMm,   rounded  in  at  the   angles, 

oted  in  tig.  4. 
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212.  The  principles  observed  in  determining  the  B  lative  num- 
the   teeth,   with   reference  to  the  example  just    .1. 

apply  in  like  manner  to  tin-  OBM  before  DBj  that  is.  such  numbers 
must  be  in  the  evict  ratios  of  the  diameters  of  the  pitch  circles. 
The  curvature   of  the  teeth  is  also  di terminable  by  means   ,.i  [|„. 
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same  operations,  modified  to  suit  the  different  positions  of  the 
parts  with  respect  to  each  other.  Thus  the  curve,  b  l,  of  the 
pinion  tooth,  is  generated  by  the  rolling  round  the  pitch  circle, 
G  b  h,  of  the  circle  described  with  the  centre,  o,  and  radius,  o  b, 
equal  to  the  half  of  B  c,  the  radius  of  the  pitch  circle,  d  b  e,  of  the 
larger  wheel.  This  is  an  application  of  the  operations  explained 
in  reference  to  fig.  3.  The  flanks,  B  a,  or  the  sides  of  the  teeth, 
are  obtained  by  simply  drawing  radii,  or  lines  converging  in  the 
point,  c. 

In  the  same  manner,  the  curve,  B  F,  of  the  teeth  of  the  large 
wheel,  is  generated  by  rolling  along  the  interior  of  its  pitch  circle, 
B  d  e,  a  circle  described  from  the  centre,  o',  and  radius,  b  o',  equal 
to  half  the  radius,  B  A,  of  the  pitch  circle,  G  b  h,  of  the  pinion. 
These  curves  being  obtained,  the  outlines  of  the  teeth  are  com- 
pleted in  the  manner  explained  in  reference  to  fig.  4.  It  may, 
however,  be  observed  that,  in  the  diagram,  fig.  5,  though  the  teeth 
might  be  cut  off  by  a  circle  passing  through  the  point,  /,  and  de- 
scribed with  the  centre,  A,  they  are  prolonged  beyond  that,  so 
that  the  teeth  remain  longer  in  contact,  and  a  greater  number  of 
teeth  are,  consequently,  engaged  at  one  time,  allowing  the  strain 
to  be  distributed  over  a  greater  number  of  points.  It  is  the  fact 
of  the  curvatures  of  the  two  lines  of  teeth  being  in  the  same  direc- 
tion, which  admits  of  a  greater  number  of  teeth  being  engaged  at 
once,  without  that  increase  of  friction,  and  other  disadvantages, 
which  would  result  from  such  an  arrangement  with  wheels  like 
fig- 4. 

THE  PRACTICAL  DELINEATION  OF  A  COUPLE  OF    SPUE-WHEELS. 


213.  In  the  cases  treated  of  in  the  preceding  sections,  which 
comprehend  the  general  principles  involved  in  rack  and  wheel 
gearing,  we  have  assumed  that  the  rack  and  pinion,  or  pinion  and 
spur-wheel,  are  constructed  of  the  same  material,  and  in  this  case 
the  thickness  of  the  teeth  is  the  same  in  any  two  working  together. 
It  very  often  happens,  however,  in  actual  construction,  that  one 
of  the  two  has  wooden,  and  the  other  cast-iron  teeth,  or  of  other 
dissimilar  material.  When  this  is  the  case,  the  thickness  of  the 
one  description  must  necessarily  be  greater  than  that  of  the  other, 
to  compensate  for  the  difference  in  the  strength  of  the  materials. 
The  pitch,  however,  will  still  be  the  same  for  both  wheels ;  for, 
since  the  intervals  on  one  wheel  correspond  to  the  teeth  on  the 
other,  a  tooth  and  an  interval  on  one  must  obviously  be  equal  to 
an  interval  and  a  tooth  on  the  other.  A  couple  of  wheels  of  this 
description  are  represented  in  plan  and  elevation,  in  figs.  1  and  2. 

We  here  assume  the  wheels  to  be  in  the  ratio  to  one  another  of 
3:4;  whence,  giving  the  pinion  30  teeth,  the  spur-wheel  must 
have  48.  After  dividing  the  pitch  circle  of  the  spur-wheel,  drawn 
with  the  radius,  c  B,  into  96  equal  parts,  the  points  of  division 
representing  the  centres  of  the  teeth  and  of  the  intervals,  and  the 
pitch  circle  of  the  pinion  drawn  with  the  radius,  a  b,  likewise,  into 
72  equal  parts — with  the  centres,  o  and  o',  describe  the  circles 
which  generate  the  epicycloidal  curves,  b  f  and  b  l.  Take  W  of 
the  pitch,  b  c,  for  the  thickness  of  the  wooden  tooth,  d  e,  and  A 
for  that  of  the  cast-iron  tooth,  allowing  the  remaining  A  for  the 
play  in  working.     Next  draw  a  series  of  radii,  to  indicate  the 


flanks  of  the  teeth,  both  of  the  pinion  and  spur-wheel,  and  at  the 
point  of  their  junction  with  the  pitch  circle,  draw  the  curved  por- 
tion of  each,  with  the  aid  of  a  small  pattern  or  template,  cut  to 
the  curves,  b  l  and  b  f  ;  and,  finally,  limit  the  lengths  of  the  teeth 
and  the  depths  of  the  hollows  in  the  manner  already  pointed  out, 
in  reference  to  Plate  XIX. 

As  draughtsmen  are  generally  satisfied  with  representing  the 
epicycloidal  curves  by  arcs  of  circles  which  almost  coincide  with 
them,  and  nearly  fulfil  the  same  conditions,  such  arcs  must  be 
tangential  to  the  radial  sides  of  the  teeth  at  their  points  of  inter- 
section with  the  pitch  circle.  They  are  determined  in  the  follow- 
ing manner : — Let  fig.  10  represent  one  of  the  pinion  teeth,  drawn 
to  a  larger  scale.  Through  the  point  of  contact,  b,  draw  a  tan- 
gent, b  o,  to  the  pitch  circle ;  then  bisect  the  chord,  b  n,  which 
passes  through  the  extremities  of  the  curve,  by  a  perpendicular, 
which  will  cut  the  tangent,  b  o,  in  the  point,  o.  This  is  the  centre 
of  the  arc,  b  m  n,  which  very  nearly  coincides  with  the  epicycloidal 
curve.  The  same  arc  is  repeated  for  each  side  of  all  the  teeth  of 
the  pinion,  the  radius,  B  o,  being  preserved  throughout.  An 
analogous  operation  determines  the  radius  of  the  arc  to  be  sub- 
stituted for  the  curve  in  the  teeth  of  the  spur-wheel. 

It  is  generally  advisable  to  make  wooden  teeth  about  three- 
fourths  as  long  as  the  pitch,  and  cast-iron  teeth  about  two-thirds 
as  long.  In  no  case,  however,  should  the  lengths  of  the  teeth  in 
the  two  wheels  geared  together  be  less  than  those  obtained  by 
calculation,  and  determined  by  the  points,  /,  /',  situated  on  the 
circles  described  with  the  centres,  o,  o',  by  which  the  epicycloids 
are  generated.  The  ratio  of  the  curved  external  portion,  n  m,  of 
the  tooth  to  the  flank,  n  p,  is  4  :  5.  In  other  words,  the  whole 
height  or  length  of  the  tooth  being  divided  into  9  equal  parts,  4  of 
these  are  to  be  taken  for  the  length  of  the  curved  portion,  and  5 
for  the  rectilinear  flanks.  When  the  teeth  are  of  cast-iron,  the 
thickness,  p  q,  of  the  web  should  be  equal  to  the  thickness,  r  s,  of 
the  tooth.  Sometimes  it  is  made  only  Jths  of  this;  but  in  that 
case  it  is  strengthened  by  a  feather  on  the  interior. 

For  wooden-toothed  wheels,  since  it  is  necessary  that  the  tenon, 
I,  of  the  tooth  be  firmly  secured,  the  web  is  made  of  a  thickness, 
p  q,  often  double  that  of  the  tooth.  The  tenons  of  the  teeth  must 
be  adjusted  very  carefully  and  accurately  in  the  web.  They  are 
made  with  a  slight  taper,  and  are  secured  on  the  interior  of  the 
web  either  by  iron  pegs,  as  at  u,  passing  through  them,  or  by  a 
series  of  wooden  keys  or  wedges,  v,  driven  in  between  them,  and 
forming  strong  dove-tail  joints.  These  two  methods  of  fixing  the 
teeth  are  shown  at  different  parts  on  fig.  1,  and  more  in  detail  in 
fig.  7.  There  is  a  third  modification,  which  also  possesses  some 
advantages.  We  have  represented  it  at  T,  fig.  3,  whence  it  will 
be  seen  that  it  consists  in  forming  the  teeth  with  a  couple  of 
shoulders,  z,  which  allow  of  the  tenons,  t,  being  made  much 
stronger,  and  also  take  away  thereby  some  of  the  weight  of  metal, 
two  objects  of  great  importance. 

The  width,  x  y,  of  the  teeth  is  equal  to  two  or  three  times  their 
pitch.  In  wheels  entirely  of  cast-iron,  the  web  is  of  the  same 
width  as  the  teeth ;  but  it  is  much  broader  when  the  teeth  are  of 
wood,  for  it  requires  to  be  mortised,  to  receive  the  tenons  of  the 
teeth,  and  should  have  a  width  equal  to  that  of  the  teeth,  plus  an 
amount  equal  to  once  and  a  half  or  twice  their  thickness.     We 
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Imve  already  imut i. -ti.-.l.  that  in  wheels  of  moderate  • 
web,  u%  is  attached  to  tho  boss,  !•',  by  arm*,  Q.  Tin  i. 
these  arm*  varies,  4,  G,  or  8  being  u  ..-vmctcr. 

In  tin  |  *  arm-;  this  numb,  r,  amongst 

other  reason,  being  more  particularly  imilWllUlll.  because  the 
number  of  teeth  arc  divi-ibh  by  ii.  Whence  it  foDowa,  t lint  the 
feathers  which  strengthen  the  arms  on  either  side  of  the  vbj .  1. 
can  be  made  to  Ha  between  two  of  the  teeth,  at  each  of  the  six 
points  of  attachment  to  1 1 1 •-  web. 

: -h  arm  by  cavetto  or 
concave  quarter-round  in..uMiii_--.   with  or  without  fillets,  as  indi- 
.1!.  .1  in  t\. ■-.  U  and  8,  which  r.  present  .-cctious  of  the  arms  taken 
1     '.'.  1     J.  i. 

At  other  tin  an  united  to  the  body  of  the  arm 

bj  pleln  chamfer  portions,  .-us  shown  in  Bg,  s  |  or,  era  mora  simply 
Mill,  and  without  filling  up  the  angle  formed,  as  in  fig.  9,  the 
feathers  being  united,  as  It  wen,  1  ly  of  the  arm  without 

any  additional  moulding. 

In  all  cases,  however,  these  featliers  arc  made  with  a  taper, 
■  ker  at  their  point  of  uniou  with  the  body,  and  gradually 
[ng  in  thiekneM  outwardly. 

Figs.  3  and  4  represent  cross  sections  of  the  wheels,  taken 
through  the  irregular  line,  9 — 1  .r>.  on  fig.  1.  We  may  observe, 
these  sections,  thai  at  the  upper  part  of  each  the 
plane  of  section  is  supposed  to  1"  parallel  to  tin  arm,  or  the  arm  is, 
as  it  were,  turned  so  as  to  be  parallel  to  the  plane,  0  <  ',  or  A  A', 
fig.  1,  in  order  that  it  may  be  projected  in  the  sectional  view  with- 
out foreshortening.  At  the  lower  parti  of  those  views,  however, 
the  arms  are  projected,  as  in  the  oblique  position  represented  in 

In  this  description  of  drawings,  these  oblique  projections  are 
general!]  ith,  and  arc,  indi  i  1.  avoided,  as  they  do  not 

;  iiic.iMirrnn  : nts  of  the  parts  represented. 

The  operations  indicated  on  the  figures  complete  the  general 
design  of  Hate  XX.,  whether  of  the  plan,  elevation,  or  sections. 


THE  DELINEATION  AND  CONSTRUCTION  OF  WOODEN 
PATTERNS  FOR  TOOTHED  WHEELS 


KITH  win  it.  PATTBBH8, 

214.  If,  as  we  have  alread]  I  to  Impress  upon  the 

great  care  is  required  in  the  construction  of  w Ion  pat- 

t'  i ii^  in  H U       out  tod  extreme  acenra 

tor  in  the  execution  of  the  patterns  of  toothed  wheels,  because  of 
lj  net  ded  in  the  proportions  of  the 
various  parts — as  that,  for  example,  between  their  diameters  and 
numbers  of  teeth. 

.•'i  rn-makermu-t  make  allowance,  sot  only  for  the  shrink- 
ing of  tho  cast-iron,  but  also  for  the  quantity  of  metal  to  be  taken 
away  by  turning  and  finishing  afterwards.     Moreover,  the  pattern, 

which  is  neoesssrily  in  many  pieces,  must  bejoi I  together  so 

Strongly  and  solidly,  that   it  may  not  run  tho  risk  of  changing  its 
shape  during  the  construction  of  the  mould. 

For  wooden-toothed  wheels,  the  web  must   be  pierced  with  a 


'   e  teeth. 
Hut  in  place  of  producing  the  den  |«ttcrns — 

.ng  it,  would  render  the  formation  of 
the  mould  much  more  difficult — small  projections  correapc: 
the  tea  th  are  fixed  externally  to  the  web.   These  projections  form 
sockets  in  tho  mould,  in  which  the  actual  loam  cores  ■ 
which  form  tin  Is  cast. 

Hearing  in  mind  these  various  001 

U  rus  for  two  spur-wheels,  such  as  are 
represented  in  Piatt  XX 

PATTKM  Of  TBI  PtVIOH. 

215.   I  !iow  a  half  plan  and  a  vertical  s. 

the  wooden  pattern  of  the  pinion.  It  is  computed  of  many  \  rin- 
cipal  pieces — namely,  the  wib,  or  crown,  and  its  teeth :  the  boss, 

with  it-  ■  md  the  arms,  or  spokes,  with  their  feathers, 

various  parts  in  such- 

oi  i  town. 

Tlie  patteni-maker  takes  plank-,  of  from  86  to  BO  millimetres 
in  thick'  it  a  series  of  arcs,  A,  of  a  uniform 

radius,  corresponding  to  that  I  ■  the  pinion,  with  the 

addition  of  the  allowance  for  shrinkage  :,;  finishing. 

These  arcs  arc  built  up  like  brickwork,  the  joints  of  one  1 

aeries,  being  opposite  to  solid  portions  of  the  conriguooj 

as  shown  in  fig.  3.     This  arrangement  prevents  the  liability  to 

warp  or  change  the  form,  from  variation  in  the  humidity  of  the 
atmosphere,  as  would  be  the  ease  were  the  crown  made  of  a  single 
piece. 

This  piece  being  finished  and  glued   together,   and  the  joints 
quite  dry.  is   put  into  a   lathe,  and  there   turned  quite  t' 
externally  ami  internally.      The  two  surfaci  -  an  hen  I 
fectly  parallel,  and  the  wholl  DMQBtoBI 

determined  on,  and  shown  upon  a  large  working  drawing  of  the 
actual  size,  previously  prepared,  gnu  rally  by  the  pattern-maker 
hiiu-i  If. 

At  this  stage,  the  external  surf.u  .  is  divided  off 

by  lines,  showing  tl"  poaitii  us  of  the  teeth,  which  are  then  sosne- 
tinies  simply  screwed  or  nailed  on.     It  is,  however,  mud 
able,  and  conduces  verj  much  to  the  solidity  of  the  wheel,  to  cut 
out  grooves  of  a  trilling  depth  on  the  periphery,  into  which  the 
teeth  are  fixed,  being  formed  with  a>  dovetail  for  that  purpose,  as 

shown  nt  B,  in  B      1 


The  boss  is  made  in  two  pieces,  each  ono  solid  block  of  wood, 
1 1  when  the  win  1 1  is  of  a  large  etaa,  in  which  case  the  boss 

requires  t0  be  built  up  of  SI  m  i  tl  pieces. 

. .  h  turned  separately  to  the  exact  dimen- 
sions given  in  the  plans,  ami  they  secure  between  them  the  thick- 
ness of  the  bod]   PMl  l'f  ,mC  arm' 

OB  BFOUS. 

The  body  of  each  arm,  C,  fig.  4,  is  also  cut  out  of  planks  of  a 
uniform  thickne--,  being  formed  not  only  to  the  external  contour 
ol  that  part  of  the  arm  which  is  afterwards  the  only  part  visible 
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in  the  casting,  but  also  comprising,  above  and  beyond  this,  the 
projections  by  which,  in  the  pattern,  it  is  attached  to  the  boss  on 
the  one  hand,  and  to  the  crown  on  the  other.  The  extremity,  a, 
of  the  boss  end  of  the  arm  is  in  the  form  of  a  sector,  correspond- 
ing to  a  sixth  part  of  the  circle  of  the  boss,  the  pinion  having  six 
arms ;  the  lateral  facets,  b,  of  this  part  are  grooved  out,  to  receive 
small  tongue-pieces,  or  keys,  c,  fig.  1,  so  as  to  form  a  strong  joint 
when  glued  together.  The  other  extremity,  d,  of  the  arm  is  cut 
circularly,  to  the  form  of  the  crown,  or  web,  into  which  it  is  fitted, 
penetrating  to  a  slight  extent,  the  crown  being  previously  formed 
with  a  socket  to  receive  it. 

Next,  the  feathers  have  to  be  attached  to  the  body,  c,  of  the 
arm.  These  feathers,  e,  are  each  cut  out  in  separate  pieces,  to 
the  shape  indicated  in  fig.  5 :  they  have  supplementary  projec- 
tions, e  and/,  at  their  opposite  extremities,  whereby  they  are  fixed 
into  the  crown  and  boss.  When  all  these  feathers  are  in  their 
place,  and  the  arms  glued  into  the  crown,  the  two  portions,  D,  D, 
of  the  boss  are  fixed  to  them,  the  grooves  for  the  reception  of  the 
ends  of  the  feathers  being  glued,  as  well  as  the  other  parts,  to 
give  greater  solidity.  Finally,  the  boss  is  surmounted  by  the 
conical  projecting  pieces,  F,  F,  which  serve  to  produce  in  the  mould 
the  cavities,  or  sockets,  which  retain  the  loam  core  in  position,  the 
core  being  provided  to  produce  the  eye  of  the  wheel,  into  which 
the  shaft  is  fitted. 

To  give  compactness  and  strength  to  the  whole,  a  bolt,  g,  is 
passed  through  the  centre ;  and  this  method  of  securing  permits 
of  the  core  projections,  F,  F,  being  changed  for  larger  or  smaller 
ones,  if  desired,  without  having  to  pull  the  entire  wheel  to  pieces. 
If,  to  add  to  the  elegance  of  the  shape  of  the  wheel,  it  is  wished  to 
ornament  the  arms  with  mouldings,  as  at  i,  these  are  applied  at 
the  angles  of  junction  of  the  feathers  with  the  body  of  the  arm. 
These  are  simply  glued  or  nailed  on.  The  sectional  view,  fig.  6, 
shows  the  form  and  position  of  these  mouldings. 

It  is  to  be  observed  that,  in  wheels  of  a  moderate  size,  when 
cast-iron  teeth  are  to  work  on  cast-iron,  they  are  at  once  cast  to 
the  exact  shape,  and  the  pattern  is  constructed  accordingly ;  but 
it  is  almost  always  indispensable,  where  cast-iron  and  wooden 
teeth  have  to  work  together,  to  finish  and  reduce  the  former  after 
being  cast ;  and  the  projections,  b,  on  the  pattern  answering  to 
them,  must  consequently  be  made  of  larger  proportions  every  wav, 
to  provide  for  the  quantity  of  metal  taken  away  in  the  finishing 
process. 

PATTERN  OF  THE  WOODEN-TOOTHED  SPUR-WHEEL. 

216.  Figs.  7,  8,  and  9  represent,  in  elevation,  plan,  and  vertical 
section,  the  wooden  pattern  of  the  spur-wheel,  which  gears  with 
the  pinion  just  described.  It  consists,  like  that  wheel,  of  the 
crown  or  web,  the  boss,  and  the  arms ;  and  these  various  parts, 
which  are  designated  by  letters  corresponding  to  those  employed 
in  the  preceding  example,  are  constructed  exactly  in  the  same 
manner. 

There  is,  however,  an  essential  difference  in  the  exterior  of  the 
crown :  in  place  of  this  carrying  the  projections,  b,  cut  to  the 
shape  of  the  teeth,  and  such  as  will  actually  be  produced  on  the 
casting,  it  has  other  projections,  B',  of  a  simpler  form,  intended  to 
produce  in  the  mould  the  sockets  for  receiving  the  core-pieces 


which  form  the  mortises  in  the  casting,  to  receive  the  tenons  of 
the  wooden  teeth.  These  projections  are  let  into  the  crown,  or 
simply  applied  thereto,  and  fixed  by  nails,  as  at  I,  or  by  screws,  as 
at  in,  the  latter  method  being  preferable,  as  it  has  the  advantage 
of  permitting  the  number  of  teeth  to  be  changed  without  injury  to 
themselves  or  to  the  crown.  In  the  wooden  pattern,  the  length 
of  the  projections,  b',  is  carried  to  the  edge  of  the  face  of  the 
crown,  on  that  side  which  descends  into  the  lower  half  of  the 
mould-frame,  to  allow  of  the  more  accurate  adjustment  of  the  core- 
pieces,  and  also  to  facilitate  the  recovery  of  the  pattern  from  the 
mould.  These  core-pieces,  however,  are  so  formed  as  to  make  the 
mortises  no  wider  than  is  necessary,  and  to  leave  a  sufficient  thick- 
ness of  metal  for  the  strength  of  the  crown,  as  already  pointed  out 
in  reference  to  Plate  XX. 

CORE-MOULDS. 

217.  The  core-pieces  for  the  mortises  should  not  only  be  placed 
at  equal  distauces  apart  throughout  the  circumference  of  the  crown, 
but  they  must  all  also  be  of  precisely  the  same  form  and  dimen- 
sions throughout,  so  that  the  mortises  may  be  perfectly  equal. 
With  this  view,  a  wooden  core-box  or  mould  is  made ;  and  there 
are  several  methods  of  doing  this.  Thus,  fig.  10  represents  a  face 
view,  and  fig.  11a  horizontal  section,  through  the  line  3 — 4  in 
fig.  10,  of  one  form  of  core-mould,  consisting  of  a  single  piece.  The 
portion,  n,  of  the  cavity  corresponds  to  the  projecting  core-piece, 
p.',  outside  the  crown,  and  the  portion  marked  o,  to  the  mortise,  or 
hollow  socket,  in  the  crown :  this  last  has  the  same  section  as  the 
crown  in  the  width  of  the  cut-out  part.  The  moulder  fills  the 
cavity  of  the  core-mould  with  loam,  previously  prepared,  and  after 
pressing  it  well  in,  levels  it  off  with  a  straight-edged  doctor  or 
scraper;  he  finally  inverts  the  mould,  thus  releasing  the  core  com- 
plete. The  operation  is  repeated  as  many  times  as  there  are  teeth ; 
and  when  the  cores  are  all  dry,  they  are  placed  with  great  care  in 
the  mould,  their  supplementary  projections,  b',  being  let  into  the 
sockets  formed  to  receive  them — thereby  insuring  the  accuracy  of 
their  adjustment. 

Figs.  12,  13,  and  14,  show  another  construction  of  wooden  core- 
mould,  formed  in  two  separate  pieces,  H  and  I.  These  have  be- 
tween them  the  cavity,  n  o,  corresponding  to  that  in  the  one  just 
described.  In  this  last  case,  the  surface  of  the  core  which  re- 
quires to  be  levelled  off  with  a  scraper,  is  only  at  one  of  the  extre- 
mities instead  of  on  the  lateral  faces,  as  in  the  other,  and  the  cores 
are  released  by  separating  the  two  pieces,  H,  I,  which  are  rendered 
capable  of  accurate  adjustment  to  each  other  by  means  of  marking- 
pins,  k. 

To  return  to  the  wheel  itself:  when  it  is  of  very  large  dimen- 
sions, the  blocks,  D,  of  the  boss  are  secured  together  by  two  or 
more  bolts,  g,  in  place  of  one. 

The  mould  for  the  wheel  is  in  two  pieces,  the  lower  frame,  or 
"  drag,"  being  let  into  the  ground  in  the  moulding  shop  ;  the  upper 
frame,  or  top  part,  is  moveable,  and  it  will  be  obvious  that  very 
great  care  is  required  to  lift  this  off  the  pattern,  so  as  not  to  injure 
the  regularity  and  sharpness  of  the  impression ;  and  for  this  pur- 
pose, sufficient  "  draw"  or  taper  must  be  given  to  the  various  parts, 
as  the  crown,  the  boss,  and  the  feathers  on  the  arms,  as  already 
pointed  out. 
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|  .items  are  heavy,  two  screw-staples,  or  "  draw- 
plates,"  L,  fig.  1,  8,  anil  15,  of  iron  or  brau,  are  countersunk  into 
the  crown,  and  into  these  draw-handles  are  screwed,  by  which  the 
pattern  is  lifted  out  of  the  mould. 

1.2.  8.  and  9,  arc  comb!  several 

different    :  tiOM  of  tin  diagrams,  and  to 

simplify  the  whole  drawing,  and  bring  it  into  a  small  spa 
tjrstan  is  very  much  used  in  drawings,  or  plans,  made  for  actual 
construction. 


BULBS  AND  PBACTICAL  DATA. 

TOOTHED  OC.VKIM. 

218.  It  has  been  already  laid  down,  as  a  fundamental  rule,  that 
in  order  to  work  well,  all  toothed  wheels  coupled  together  must 

I  wciii  the  iiuinlu  ri  of  their  teeth  as  I 
their  din: 

It  follows  from  this  principle,  that  whin  we  know  the  radii  of 
tin-  pitch  circlet  of  two  wheels,  and  the  number  of  teeth  of  one  of 
them,  we  can  determine  that  of  the  other,  and  reciprocally. 

Thus,  putting  H  to  represent  the  number  of  teeth  of  a  wheel  of 
the  radius,  it ;  and  a  to  repn  sent  the  number  of  teeth  of  a  wheel  of 
the  radius,  r,  we  have  the  direct  proportionals,  s  :  »  : :  it  :  r :  whence 
It  any  time,  ascertain  any  one  of  the  terms  when  the  other 
at  known. 
/         /         j  .'..—Let  the  radius  of  the  pitch  circle  of  a  spur- 
wheel  be  12  inches,  and  the  number  of  teeth  on  it  75,  what  should 
on  a  pinion  gesring  with  it,  the  radius  of 
the  pitch  circle  of  which  is  8  inches? 
have 

75  :  n  :  :  12  :  8;  whence 
75  X 


12 


=  50  teeth. 


Stcond  Extmqih. — Let  75  and  50,  respectively,  be  the  number 
of  the  teeth  of  a  spur-wheel  and  pinion,  and  12  inches  the  radius 
of  the  pitch  circle  of  the  former,  the  reditu  of  the  pitch  circle  of 
the  latter  may  be  found  by  means  of  the  proportion — 

12       ■;  whence, 

'"    X    ll  o-i. 

r  =    — =  8  inches. 

. 
219.  The    velocities  of  rotation,  or  the  miitil.i  rs  of  revolutions 

of  the  shafts  of  ■  spur-wheel  and  pinion  in  gear  with  each  other, 
are  in  the  inverse  ratio  of  the  respectivi  diameters,  radii,  or  uum- 
two. 
I         ineiitlv.  putting  V  to  represent  the  velocity  of  rotation  of 

n  shaft,  the  radius  of  the  pitch  circle  of  which  equals  r, 
and  tli.    DUmbl  r  ■■{  the  teeth  h,  and  puttinf  I  16  \.  lo- 

city  of  the  spur-whet  1  shaft,  of  which  the  pitch  circle  radius  equals 
II,  and  number  of  teeth  N.  we  have  the  inverted  proportions — 

V  :  «  : :  r  :  B, 

V  :•::»:  N. 

In  either  of  these  proportions,  we  can  determine,  as  in  tin 

rfa  :   i       three  others  arc  known. 


=   .  i 


Firtt  Exawtplt. — A  spur-v  circle  radius  of  which 

is  10  inches,  has  a  velocity  of  25  revolutions  per  minute ;  what  is 
circle  radius  of  a  pinion  to  gear  with  it,  and  make  GO 
revolutions  in  the  same  time  V    l'.y  the  inverse  proportion, 

25  :  CO  :  :  r  :  10; 

whence, 

25  X    10         *l  •     ». 
r  =  —.^-  =  4i  .nches, 

the  pitch  circle  radius  of  the  pinion. 

A  spur-wheel  has  00  teeth,  and  is  required  to  run  at  25  revolu- 
tions per  minute,  and  at  the  same  time  to  drive  a  pinion  at  the  rate 
of  7.'.  rerolutiona  per  minute,  what  should  be  the  number  l 
Of  the  latter? 

75  :  25  :  :  CO  :  n; 
whence, 

25  X  CO 

n  =  —-r 

the  number  of  '■■    I  n  must  have. 

ly  i  ijually  to  pulleys  or  drums  put  in  com- 
munication with  one  another  by  cords  or  belts,  and  known  as  belt- 
gearing. 

:ns  of  geared  spur-wheels,  all  that  is  known 
is  the  distance  apart  of  their  centres,  the  number  of  teeth  which 
they  are  to  carry,  or  the  number  of  their  revolutions  in  the  same 
time.  In  this  case  we  have,  on  the  one  hand,  an  inverse  proportion 
between  the  distance  of  their  centres,  the  sum  of  their  revolutions, 
and  between  their  respective  radii  aud  revolutions;  aj 
liand,  a  direct  proporti  ••  distance  of  the  co 

sum  of  the  teeth  on  both  wheels,  and  their  respective  radii,  or  the 
number  of  teeth  of  each. 

I. it  1>  be  the  distance  apart  of  the  ccntr-  heel  and 

pinion  of  the  respective  radii,  R,  r,  and  ni.- 

-.   e  and  V  :  we  ban  first  the  following  in- 
proportion, 

D:  V  +w::B     V  . 
and,  secondly,  the  direct  proportion, 

D  :  N  +  n  : :  N     B 
I      ■  1  Let  be  the  distance  bet 

1  and  pinion,  the  former  of  which  is  to  make 
22  revolutions  per  minute  to  the  other's  15J,  what  should 
radii? 
W(    ha\c,  lii -I, 

45  :  22  4-  1 5  -r'  :  :  B     - 
whence, 


and 


whence, 


R  =  2  J  -4-  1.".  .' 
.  +   15-5 
IB  X   15  5 


=  2G-4  inches, 


15-5; 


=  18-6  inches. 


22  +  155 

When  the  pitch  circle  radius  of  one  of  the  wheels  is  ascertained, 
it  is  evidently  unnecessary  to  search  for  the  other  radius  by  means 
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of  the  second  proportion,  for  it  is  sufficient  to  subtract  the  one 
found  from  the  sum  of  both ;  thus, 

45  —  26-4  =  18-6;  or, 
45  —  18-6  =  26-4. 
Second  Example. — The  distance,  D,  between  the  two  centres 
being  known  =  45  inches,  and  one  wheel  carrying  31  teeth  and 
the  other  44,  what  are  their  respective  radii? 
We  have  here,  in  the  first  place, 

R  :  44; 


whence, 


and 


whence, 


45  :  31  +  44  : 

45  :  31  +  44  :  :  r  :  31 ; 


45  X  31 
31  +  44 


=  18-6 


or,  more  simply, 

r  =  45  —  26-4  =  18-6  inches. 

In  like  manner,  the  respective  radii  of  a  spur-wheel  and  pinion, 
to  gear  together,  may  be  determined  geometrically,  when  the  dis- 


tance between  their  centres  is  known,  as  well  as  the  numbers  of 
revolutions  of  each,  by  the  following  rule : — 

Divide  the  distance  into  as  many  equal  parts  as  there  are  of  any 
measure  contained  exactly  in  the  sum  of  the  velocities,  such  mea- 
sure being  also  contained  exactly  any  number  of  times  in  each  of 
the  velocities  alone.  Then,  for  the  pinion  radius,  take  as  many  of 
these  measures  as  are  contained  in  the  lesser  velocity,  and  for  the 
radius  of  the  spur-wheel,  the  remainder  of  them. 

Example. — Let  1G  inches  be  the  distance  between  the  centres 
of  a  spur-wheel  and  pinion  which  make  6  and  4  revolutions  re- 
spectively, or  any  equi-multiples  or  equi-submultiples  of  these,  as 
12  and  8,  or  3  and  2.  Divide  the  distance  into  10  equal  parts, 
and  take  4  of  these  for  the  pinion  radius,  and  G  for  the  spur-wheel 
radius. 

This  rule  is  of  veiy  simple  application  when  the  ratios  of  the 
numbers  of  revolutions  are  whole  numbers,  such  as  1  :  4,  or  2  :  5 ; 
for  all  that  is  ncessary  is  to  add  the  two  together,  to  divide  the 
distance  between  the  centres  to  correspond,  and  to  take  the  re- 
spective numbers  of  measures  for  each  wheel. 

The  following  table  will  be  of  great  assistance  in  the  solution 
of  various  problems  connected  with  systems  of  gearing,  when  the 
number  of  teeth,  the  pitch,  or  the  radius  are  known. 


TABLE  FOR  CALCULATING  THE  NUMBERS  OF  TEETH  AND  DIAMETERS  OF  SPUR  GEAR,  FROM  THE  PITCn,  OR  VICE  VEIiSA. 


Number. 

Coefficient. 

Number. 

Coefficient. 

Number. 

Coefficient. 

Number. 

Coefficient. 

Number. 

Coefficient. 

10 

3183 

39 

12-414 

68 

21-644 

97 

30-875 

126 

40-106 

11 

3-501 

40 

12-732 

69 

21-963 

98 

31-193 

127 

40-424 

12 

3-820 

41 

13-050 

70 

22281 

99 

31-512 

128 

40-742 

13 

4-138 

42 

13-369 

71 

22-599 

100 

31-830 

129 

41061 

14 

4-456 

43 

13-687 

72 

22-917 

101 

32148 

130 

41-379 

15 

4-774 

44 

14-005 

73 

23-236 

102 

32-467 

131 

41-697 

16 

5093 

45 

14-323 

74 

23-554 

103 

32-785 

132 

42016 

17 

5-411 

46 

14-642 

75 

23-872 

104 

33-103 

133 

42-334 

18 

5-729 

47 

14-960 

76 

24191 

105 

33-421 

134 

42-652 

19 

6-048 

48 

15-278 

77 

24-509 

106 

33-740 

135 

42-970 

20 

6-366 

49 

15-597 

78 

24-827 

107 

34-058 

136 

43-289 

21 

6-684 

50 

15-915 

79 

25146 

108 

34-376 

137 

43-607 

22 

7-002 

51 

16-233 

80 

25-464 

109 

34-695 

138 

43-925 

23 

7-321 

52 

18-552 

81 

25-782 

110 

35-013 

139 

44-244 

24 

7-639 

53 

16-870 

82 

26-100 

111 

35-331 

140 

44-562 

25 

7-957 

54 

17-188 

83 

26-419 

112 

35-650 

141 

44-880 

26 

8-276 

55 

17-506 

84 

2G-737 

113 

35-968 

142 

45-199 

27 

8-594 

56 

17-825 

85 

27-055 

114 

36-286 

143 

45-517 

28 

8-912 

57 

18-143 

86 

27-374 

115 

36-604 

144 

45-835 

29 

9-231 

58 

18-461 

87 

27-692 

116 

30-923 

145 

46- 153 

30 

9-549 

59 

18-780 

88 

28-010 

117 

37-241 

146 

46-472 

31 

9-867 

60 

19-098 

89 

28-329 

118 

37-559 

147 

46-790 

32 

10-186 

61 

19-416 

90 

28-647 

119 

37-878 

148 

47-108 

33 

10-504 

62 

19-734 

91 

28-965 

120 

38-196 

149 

47-427 

34 

10-822 

63 

20053 

92 

29-284 

121 

38-514 

150 

47-745 

35 

11140 

64 

20-371 

93 

29-602 

122 

38-833 

151 

48-063 

36 

11-459 

65 

20-689 

94 

29-920 

123 

39151 

152 

48-382 

37 

11-777 

66 

21-008 

95 

30-238 

124 

39-469 

153 

48-700 

38 

12095 

67 

21-326 

96 

30-557 

125 

39-788 

154 

49-020 

RULES  CONNECTED   WITH  THE  PRECEDING  TABLE. 

I.  To  find  the  diameter  of  a  spur-wheel,  when  the  number  and 
pitch  of  the  teeth  are  known. 


Multiply  the  coefficient  in  the  table,  corresponding  to  the  number  of 
teeth,  by  the  given  pilch  in  feet,  inches,  metres,  or  other  measures,  and  the 
product  will  be  the  diameter  in  feet,  inches,  or  metres,  to  correspond. 


-.i 


Till:  PRACTICAL  I'!:\!<;il  I>MA\  > 


First  Es>tmple. —  WhsA  i»  the  diameter  of  a  spur-wh>. ' 
.\ing  ■  pitch  of  1J  i:. 
:e  the  number  03,  in  the  table,  wc  find  the  01 
20053.     Thcn- 

.         lx    10  =  30-08  inches, 
.•nctcr  of  the  spur-w! 

Wliat  are  the  dlametl  rs  of  two  wheel*,  of  41 
and  150  teeth  respectively,  their  pitch  being  2  Inch? 
On  the  one  hand,  wu  have 

1305   X    75  =  9  7875  k 
the  diameter  of  the  pfakkm  vi  ','.  I  on  the  other, 

47-740  x   ■76  — 
the  diameter  of  the  spur  wheel  of  150 

H.  T(  h  of  a  spur-wheel,  when  the  diameter  and 

number  of  teeth  arc  known. 

Orient  in  the  Utile  <vr 
ing  to  the  number  of  the  teeth,  and  the  quotient  will  be  I 

lUU'/fit. 

Firtt  Example.— Wliat  is  the  pitch  of  a  wheel  of  3008  inches 
diameter,  and  of  63  tooth  ? 

II.  re — 

3008:20053  =   15  inch, 
the  pitch  required. 

rle.— It  is  required  to  construct  a  spur-wheel,  of 
120  teeth,  to  work  with  the  preceding,  what  must  be  its  diameter? 

Ham- 

1-5  X   40-10C  =  CO- 159  inches, 
the  diameter  of  a  wheel  of  126  teeth,  and  of  the  same  pitch. 

III.  To  find  the  number  of  teeth  of  a  wheel,  when  the  pitch 
and  diameter  arc  known. 

Divide  thf  given  diameter  by  the  given  pitch,  the  number  in  the 
table  corresponding  to  thf  quotient  will  be  the  number  oftnth  might. 

If  the  quotient  is  not  in  the  table,  take  the  number  correspond- 
ing to  that  nearest  to  it. 

Pint  Example. — The  diameter  of  a  spur-wheel  is  3008  inches, 
and  the  pitch  of  the  teeth  is  15  inch,  what  number  of  teeth 
should  the  wheel  have? 

3008:1-5  =  20-53; 
which  quotient  corresponds  to  03  teeth. 

\\  hit  should  be  the  number  of  teeth  of  a 

pinion,  the  diUM  t.r  of  which  ia  *75  millimetres,  and  which  is  in- 
tended to  gear  with  a  rack,  of  which  the  pitch  is  25  millimetres? 
875  :  25  =  35. 
Tho  number  most  m  u}y  j   to  this  is  110,   the 

number  of  teeth  to  be  given  to  the  pinion. 

AV.ULAR   AND   CIRCUMFERENTIAL    VELOCITY    Of    Wl" 

219.  When  it  is  known  what  is  the  angular  velocity  of  the  shaft 
of  a  fly-wheel,  spur-wheel,  or  pulley,  the  circumferential  w  lot  i!y 

may  be  found  by  the  following  rule: — 

Multiply   thf  cirrun,/.nii,e  by  the   number  of  revolutions  per 
minute,  m«l  th.   prOflVol   trill  ijirr  the  Sjxice  passed  through  in  thf, 
same  time  ;  and  this  prod net  bring  divided  by  60,  will  giv<  I 
city  nf  the  circumference  per  I 

/        pit.— Let  tho  diameter  of  a  wheel  be  4  feet,  and  the 


number  of  its  revolutions  per  minute  20,  wliat  is  the  velocity  at 

The  circumference  of  the  wheel  =  4  X   3T41G  =  12  5GC4; 
thin 

I   X    20  =  251-328  feet, 
the  space  passed  through  per  minute  by  any  point  in  the  circum- 
ference ;  and 

251 


80 


=  4-2, 


the  %  • ' 

V.  .   :  .city  at  the  circumference  is  known,  the  angular 

velocity,  or  the  number  of  turn*  in  a  given  time,  may  be  ascer- 
tained by  the  following  rule  : — 

Did'  ntial  velocity  by  the  circumference,  and  the 

•  •  ill  be  tlie  angular  Telocity,  or  number  of  revolutions  in  the 
■I, lie. 
In  the  preceding  case,  4-2  feet  being  the  circumferential  velocity 
per  second,  and  4  feet  the  diameter,  we  have 

**        -m 

4  x  8-1416 

the  angi:'  r  second ;  and 

•334   X   60  =  20, 
the  number  of  revolutions  per  minute. 

In  practice,  it  is  easy  to  ascertain  the  velocity  of  a  wheel,  the 
motion  of  which  is  uniform.  With  this  view,  a  point  is  marked 
with  chalk  on  the  rim  of  DBI  l  taken  of  how  often 

this  point  passes  a  fixed  point  of  observation  in  a  given  time  :  then 
this   nun  .*   multipliid   by   the   circumference 

1   by  the  marked  point,  and  the  product  divided  by  the 
duration  of  the  N.     The  result 

will  be  the  velocity  of  the  circumference  of  the  wheel 
other  point  on  the  wheel  will  have  a  different  velocity,  propor- 
tioned to  its  distance  from  the  centre  of  n.   I 

EsavijU .  —  \  wheel,  2 feel  in  dSenaater,  having  according  to 
observation,  made  75  revolutions  per  minute,  what  is  its  circum- 
fatOBtl  I    I 

75  X  3  14  X  2 


V  = 


60 


=7-83  feet, 


circumferential  velocity  of  the  wheel. 

rocaflyi  when  tha  drauiret  .   iper  second)  is 

known,  the  number  of  revolutions  per  minute  is  found  by  means 
of  the  formula — 

N=     VXG°; 
3  14  X  D' 

or,  with  the  data  of  the  preceding  case, 


N  = 


-  =  75  revolutions  per  minute. 


1-14  X  > 

Winn  several  spur-wlniK  or  pulleys  are  placed  on  the  same 
shaft,  the  circumferential  \elocity  of  every  one  of  them  is  found 
in  the  same  manner,  by  maltiplying  the  number  of  revolutions  by 
ami  dividing  the  products  by  60. 

Ertinti'U. — Thro..  wkeeJe  at  pulleys,  a.b,c,  are  fixed  on  one 
shaft  ;  the  radius  of  the  pulley,  <i.  is  equal  to  IT  feet;  that  of  the 
pulley,  /•.  10  feet  j  and  that  of  the  pulley,  r,  215  feet ;  and  tho 
shaft  makes  12  turns  per  minute, — what  is  the  circumferential 
relodty  of  these  three  pulleys? 
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For  the  pulley,  a,  we  have — 

6-28  X  tl  X  12 


V  = 


GO 


=  1-38  feet  per  minute ; 


for  the  pulley,  6 — 

,       6-28  X  16  X  12 


=  2  feet; 


and  for  the  pulley,  c — 

6-28  X  215  X  12 


V"  = 


GO 


=  2-7  feet. 


DIMENSIONS  OP  GEARING. 

220.  In  designing  tooth-gearing  of  all  descriptions,  it  is  neces- 
sary to  determine— first,  the  strength  and  dimensions  of  the  teeth ; 
second,  the  dimensions  of  the  web  which  carries  the  teeth ;  and, 
third,  the  dimensions  of  the  arms. 

THICKNESS   OF  THE  TEETH. 

221.  The  resistance  opposed  to  the  motion  of  the  wheel  or  the 
load,  may  be  considered  as  a  force  applied  to  the  crown,  to  pre- 
vent its  turning,  and  the  power,  during  its  greater  strain,  as  applied 
to  the  extremities  of  the  teeth.  The  teeth  then  should  be  con- 
sidered as  solids  fixed  at  one  end,  and  loaded  at  the  other ;  and 
the  equation  of  equilibrium  for  them  is — 

P   X   h  =  k   X   t2   X   w; 
in  which  formula,  P  signifies  the  pressure  in  kilogrammes  at  the 
extremity  of  the  tooth ;  h,  the  amount  of  projection  of  the  teeth 
from  the  web  in  centimetres ;  k,  a  numerical  coefficient ;  t,  the  thick- 
ness of  the  teeth  in  centimetres  ;  w,  their  width  in  centimetres. 

In  this  formula,  the  numerical  coefficient,  k,  which  is  calculated 
with  reference  to  the  motion  of  toothed  gearing,  varies  with  the 
material  of  which  the  teeth  are  constructed. 

From  Tredgold's  experiments  with  well-constructed  cast-iron 
wheels,  this  coefficient  has  been  calculated  to  be  25  for  that 
metal ;  and  adopting  it,  the  preceding  formula  will  then  become 

P  X  h  =  25  X  *J  X  W  ; 
whence, 

25  X  ^  w 

a  formula  in  which  three  dimensions  are  variable. 

The  following  ratios  usually  exist  between  these  quantities : — 

w  varies  between  3  /  and  8  t. 

h  =  1-2  ito  1-5  i. 

Let,  then,  to  =  5 1,  and  h  =  1-2  t,  so  that,  substituting  these  values 

in  the  equation,  it  becomes — 

25  X  5  X  t  X  ** 


P  = 


=  104  x  i2; 


1-2  X  t 
whence, 

P 

f  =  rgj  and  t  =  -098  VK 

If  the  above  ratio  between  the  thickness,  t,  and  width,  w,  be 
adopted  for  all  proportions;  for  low  pressures  or  small  loads,  we 
shall  have  teeth  much  too  thin  and  small ;  and  for  high  pres- 
sures, on  the  other  hand,  the  defects  of  too  great  thickness  and 


pitch.  To  retain,  then,  the  thicknesses  within  convenient  limits,  it  is 
well  to  vary  the  ratio  of  t  to  w,  according  to  the  pressures ;  and  in 
order  that  the  pitch  may  not  be  too  great,  the  width  of  the  teeth 
is  determined  at  the  outset,  according  to  the  pressure  or  load 
which  they  have  to  sustain,  in  the  following  manner : — 


I. 

For    100 

to     2001b., 

make  w  =     3  t;  when  t  =  -126\/I> 

II. 

"      200 

300 

"      w  =  3-5  t 

"     t  =  -117  VI7 

III. 

"      300 

400 

"          V3=      4< 

'     <  =  -110v'Ir 

IV. 

"      400 

500 

"      u>  =  4-5« 

'     t  =  -104  ^/Y 

V. 

"      500 

1,000 

"      w  =    bt 

'     t  =  -098  VP" 

VI. 

"    1,000 

1,500 

"      w  =  5-5 1 

'      «  =  -093vF 

VII. 

"   1,500 

2,000 

"      w  =    6 1      ' 

1      t  =  -089  vl7 

fin. 

"  2,000 

3,000 

"      to  =  65  { 

'      i=-084vP 

IX. 

"   3,000 

5,000 

"        M>=      It        ' 

'      t  =  -082  VI7" 

X. 

"    5,000  and  upwards 

"      w=    8t      ' 

•      t  =  -077  VP~ 

The  height,  or  projection,  h,  should  be  comprised  between  1-2  t 
and  1-5  t,  the  latter  applicable  to  low  powers  or  loads,  and  the 
former  to  high  ones. 

For  teeth  of  wood,  which  are  ordinarily  made  of  beech  or  elm, 
the  coefficient  should  be  augmented  by  a  third  in  each  of  the  last 
given  formula?,  which  become — 

I.     t  =   -168  V  P"  making  w  =  3-0  t. 
II.     t  =  -156  V"P       „       w  =  3-5 1. 
m.     t  =  -147  VT       „       w  =  40  t. 
IV.     t  =  -139  V"P       „       w  =  4-5  t. 
V.     t  =  -131  VT       „       w  =  50  t. 
VI.     t  =  -124  V  T       „       w  =  5-5  t. 
VII.     t  =  -119  V"P       „       w  =  60  t. 
VIII.     t  =  -112  V~P       „       w  =  6-5  I. 
IX.     t  =  -109  VT       „       m  =  7-0  I. 
X.     t  =  -103  V~P       „       to  =  8-0  t. 
All  these  formula;  are  constructed  on  the  supposition  that, 
although  there  are  generally  several  teeth  in  contact  at  the  same 
time,  yet  each  should  be  capable  of  sustaining  the  whole  strain  as  if 
there  were  only  one  in  contact,  and  they  should  be  strong  enough 
to  compensate  for  wear,  and  sustain  shocks  and  irregularities  in  the 
strain  for  a  considerable  length  of  time. 

The  pressure,  P,  on  the  teeth  may  be  determined  according  to 
the  amount  of  power  transmitted  by  the  wheels  per  second  at  the 
pitch  circumference. 

Tins  pressure  is  obtained  by  dividing  the  strain  to  be  transmitted, 
expressed  in  kilogrammitre,  by  the  velocity  per  second  of  the  2>iteh 
circumference.  A  kilogrammetre  is  a  term  corresponding  to  the 
English  expression,  "  one  pound  raised  one  foot  high  per  minute." 
A  kilogrammetre  is  equal  to  one  kilogramme  raised  one  metre 
high  per  second  :  it  is  written  shortly  thus — k.  m. 

First  Examjrte. — A  spur-wheel  is  intended  to  transmit  a  force 
equal  to  a  power  acting  at  the  pitch  circumference  of  500  kilo- 
grammetres,  at  the  rate  of  2-09  m.  per  second,  what  pressure  have 
the  teeth  to  sustain  ? 
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SOOh,  m. 

209~ 


=  888  kilog., 


the  strain  that  each  tooth  must  be  capable  of  resisting  without 
risk  of  breakage,  even  after  considerable  01 

Second  ExamjAe. — A  spur  r.insmita 

l  [u.-il  to  '20  horses  power,  and  makes  25  revolutions  per 
minute,  what  il  the  pressure  on  the  b 
We  have,  in  tlic  first  place, 

20  ii. i\  =  75  X  20  =  1500  kilograrametres, 
and 


3  14  X  2  X  25 

V  =  =rr =  2t>2  ra.  per  second  ; 

GO 


whence, 


1  '■  I > 

=  573  kilog., 


8-88 

the  pressure  on  the  tooth. 

When  tli^  power  th.it  ■  wheel  hll  to  sustain  at  its  circumference 
is  known,  the  thickness  proper  for  the  tooth  may  he  calculated  by 
one  of  the  preceding  formulae,  according  to  the  material  of  which 
it  is  constructed. 

Thus,  in  the  former  of  the  last  two  examples,  in  which  P  =  239 
kflog.,  the  thickness  of  the  tooth,  if  of  cast-iron,  should  be  making 
tr  =  35  I: 

t  =  -117  V  239~=  1-8  cent.  =  18  millimetres. 
And,  in  the  second  example,  where  P  =  573  kil.,  the  thickness 
will  be,  supposing  the  teeth  to  be  of  beech,  and  w  —  5  t, 
t  =   131  V573  =  3-23  c,  or  32-3  millimetres, 
and 

tr  =  5  X  32-3  =  161-5  millimetres. 

Third  Example. — A  water-wheel  of  4-2  metres  diameter  makes 
4}  r.  volutions  per  minute,  and  transmits  a  force  equal  to  25  horses 
power  by  means  of  a  spur-wheel,  the  radius  of  which  is  TC5  m. 
it  is  required  to  determine— first,  the  pressure  on  the  teeth  of  this 
spur-wheel ;  and,  secondly,  the  tliickness  of  their  teeth. 

In  the  first  place, 

25  X  75  =  1875  kilogramnv'tres, 
and 


1-65  X  2  X  314  X  4-5 
V  =  —  — ^ =  -777  m. ; 


60 


whence, 


^777 


—  2413  kilogrammetros  ; 


consequently,  making  w  —  f.5  /,  the  thickness  of  the  tooth  will  be 

t  =  084  V"24T3  =  3  7  c  =  37  millim., 
and 

>p  =  37  X  6-5  =  840-E  millitn. 

FowrA  EmMHplt.     The  cast-iron  pinion  of  a  powerful  machine 

i    in  diameter,  it  is  Qxed  on  ■  theft  which  ahoold  bmnemii 

mi em-,  tive  force  of  L'ml  h.  r  .  -  power,  at  the  rate  of  4,">  revolutions 

per  minute,  what  is  the  pressure  on  the  teeth  and  their  dimensions? 

Tin-  power  transmitted  is 

X  75  =  15,000  kilogrammetrcs, 
and 


V  =  V0C  X  3  U  X  45  -  o 
60  * 


37  metres  per  second. 


The  pleasure  on  the  teeth  is — 
1500 


P  = 


=  6333  km.; 


consequently,  making  w  =  8  t ;  we  have,  for  the  thickness  of  tho 
tl  ah.  in  cast-iron, 

1=  077  v'6333  =  C12  -/«. 
and  w  =  8  X  61-2  4*9-6  "/_. 

For  a  pinion  of  the  above  proportion-,  actually  constructed,  the 
I  was  made  75  millim.,  and  the  width  525  millim. 

pitch  or  the  ti:i:tu. 

222.  It  will  be  recollected  (203)  that  the  pitch  of  cast-iron 
spur-wheel  tcith,  HMMUn   I  OH  tilt  pitch  circumference,  c 
the  thickness.  I,  of  the  tooth,  and  the  width  of  the  interval,  which 
last  is,  in  ordinary  cases,  made  equal  to  t,  augmented  by  one-tenth  ; 
this  l;ivcs,  ;/  =  8'1  '. 

Thus,  with  the  data  of  the  preceding  examples — 

In  the  1st ;■  =  'J  1    X    18     =     278"L. 

3d i>  =  21x37     =    77-7 -/m 

4th /-  =  21  X  01  2  =  128-5  "|^ 

When  the  spur-wheel  is  intended  to  carry  wooden  teeth,  as  in 
the  second  of  t;i  \  unples.  it  will  generally  be  coupled 

with  a  pinion,  haring  cast-iron  teeth,  which  should  be  of  about 
three-fourths  the  thickness  of  the  wooden  ones  ;  in  this  case  the 
pitch  will  be  equal  to 

t  +  -75 .  +    1/  =  1  -f  -85  t  =  1-85  t. 
Thus,  in  this  example,  we  should  have — 

;.  =  B8*8  X  1  >•'>  =  59-8"L 
After  this  is  done,  that  is.  when  the  pitch  is  ascertained,  which, 
as  lias  already  been  observed,  should  he  pet  Steely  the  same  on  the 
pitch  circles  of  any  two  wheels  working  together,  the  number  of 
teeth  of  one  of  the  wheels  may  be  obtained  by  the  following 
formula — 

N=  ^—-, 
P 

where  N  signifies  the  number  of  teeth  of  the  spur-wheel  ;  R,  tho 
radius  of  the  pitch  circle:  ami  j>.  the  pitch,  measured  on  this  circle. 

FVrd  Example.    What  is  tin  number  of  teeth  on  a  spur-wheel 
of  two  metres  diameter,  and  the  pitch  of  which  is  0278  metres  ? 
Here— 

»-?-\^x,=» 

It  will  be  easily  mtdantood,  that  the  fraction  arising  from  tho 
operation  most  he  neglected,  since  wo  cannot  have  a  part  of  a 
tooth.  In  oatea, therefore,  when  there  is  a  fraction,  tho  pitch 
must  be  alight]]  Increned,  Thus,  in  the  example  under  consi- 
deration, the  pitch  hi  comes — 

8*  U         6-28  -„_ 

*=-N-  =  -225    =-°279m" 
instead  of  0-27S  m. 

Second  Example. — It  is  required  to  determine  tho  number  of 
woolen  teeth  to  be  carried  by  a  spur-wheel  of  two  metres  diameter, 
the  pitch  being   0598  m. 

Here, 
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When  a  spur-wheel  is  to  have  wooden  teeth,  it  is  necessary 
that  the  number  of  these  be  some  multiple  of  the  number  of  anus 
of  the  wheel,  in  order  that  they  may  be  conveniently  attached  to 
the  web ;  thus,  in  the  present  example,  if  the  wheel  is  to  have 
6  arms,  the  number  of  teeth  must  be  102  or  108,  to  be  divisible 
by  that  number ;  and  if  the  former  be  adopted  instead  of  105,  the 
pitch  will  be  slightly  augmented  in  consequence. 

To  obviate  the  necessity  of  making  long  and  tedious  calcula- 
tions, a  table  is  subjoined,  showing  the  thickness  and  pitch  of 
teeth  of  spur-wheels,  in  which  is  adopted  the  coefficient  -105  of 
M.  Morin,  which  makes  the  formula, 

t  =  -105  VP 
for  cast-iron  teeth,  and 

t  =  -145  V~P 
for  wooden  teeth ;  the  width  being  constantly  equal  to  nearly 45 
the  thickness. 

Table  of  the  Pitch  and  Thickness  of  Spur  Teeth  for  different 
Pressures. 


Of  Cast-iron. 

Of  Wood. 

Pressure  in 

Kilogrammes. 

Thickness  of 

Teeth  in 
Millimetres. 

Pitch  in 
Millimetres. 

Thickness  of 

Teeth  in 
Millimetres. 

Pitch  in 
Millimetres. 

5 

2-3 

4-9 

3-2 

5-9 

10 

3-3 

6-9 

4-7 

8-7 

15 

4-0 

8-5 

5-6 

10-4 

20 

4-6 

9-7 

6-4 

11-8 

30 

5-7 

120 

7-9 

14-4 

40 

6-6 

13-9 

91 

16-9 

50 

7-4 

15-6 

10-2 

18-9 

60 

81 

17-0 

11-2 

20-8 

70 

8-7 

18-4 

121 

22-4 

80 

9-4 

19-7 

12-9 

23-9 

90 

9-9 

20-8 

13-7 

25'3 

100 

10-5 

22-0 

14-5 

26-8 

125 

11-6 

24-4 

161 

29-8 

150 

12-8 

26-9 

17-7 

32-7 

175 

138 

291 

19-1 

34-8 

200 

14-8 

31-1 

20-2 

37-4 

225 

15-7 

33-0 

217 

40-1 

250 

16'6 

34-8 

22'9 

42-4 

275 

17-3 

36-3 

23-9 

44-2 

300 

18-2 

38-1 

25-1 

46-4 

350 

19-6 

41-2 

27-1 

50-1 

400 

21.0 

43-2 

29-0 

53-6 

500 

23-4 

49-1 

32-4 

59-9 

600 

25-7 

54-0 

35-5 

65-7 

700 

27.7 

58-2 

37-2 

69-1 

800 

29-7 

62-4 

41-0 

75-8 

900 

31-5 

66-1 

43-8 

83'0 

1000 

33-2 

69-6 

45-8 

84-7 

With  the  assistance  of  this  table,  and  the  preceding  rules,  we 
can  always  determine,  not  only  the  thickness  and  pitch  of  the  teeth, 
but  also  their  height  and  width,  since  these  are  in  proportion  to 
their  thickness. 

DIMENSIONS  OP  THE  WEB. 

223.  The  width  of  the  web  is  ordinarily  equal  to  that  of  the  teeth 
when  the  whole  is  of  cast-iron.  Nevertheless,  in  some  cases — such 
as,  for  example,  where  very  great  irregularities  in  the  pressure  and 
speed,  and  reiterated  shocks  have  to  be  borne  in  the  heavy  ma- 
chinery in  engine  shops — the  web  is  made  wider  than  the  teeth, 


projecting  also  on  either  side  of  the  teeth,  so  that  these  are  wholly 
or  partially  imbedded,  which  increases  their  power  of  resistance 
very  considerably.  These  lateral  webs  are  generally  each  made 
of  about  half  the  thickness  of  the  tooth. 

The  thickness  of  the  web,  or  crown,  is  never  made  less  than 
three-fourths  that  of  the  tooth,  and  very  frequently  it  is  further 
strengthened  by  an  internal  feather,  as  already  mentioned. 

213.  When  the  teeth  are  of  wood,  the  web  is  much  thicker,  to 
give  sufficient  hold  to  the  tenons  of  the  teeth ;  it  is  generally 
made  about  1-5  to  2-  times  the  thickness  of  the  tooth. 

NUMBER  AND  DIMENSIONS   OP    THE    ARMS. 

224.  The  number  of  arms,  or  spokes,  which  a  spur-wheel  ought 
to  have,  has  not,  up  to  the  present  time,  been  precisely  and 
scientifically  determined.  According  to  general  experience,  up  to 
a  diameter  of  1  metre,  or  about  3  feet,  four  arms  are  sufficient ; 
from  1  metre  to  2  metres,  or  3  feet  to  6  or  7  feet,  six  are 
necessary  and  sufficient ;  beyond  25  m.,  or  8  feet,  eight  arms  are 
used;  and  for  5  m.,  or  16  feet,  ten  are  given:  it  is  seldom  this 
last  number  is  exceeded,  except  for  wheels  of  extraordinary  di- 
mensions. 

The  section  of  the  arms  of  the  wheel  is  always  in  the  form  of 
a  cross,  the  stronger  portion  of  which  lies  in  the  plane  of  the  cir- 
cumferential strain,  whether  these  arms  are  cast  in  one  piece  with 
the  boss  and  the  crown,  as  is  the  case  with  wheels  of  small  dia- 
meter— that  is,  of  such  as  have  not  a  greater  radius  than  2  m.  or 
6i  feet ;  or  whether  they  are  cast  in  separate  pieces,  and  after- 
wards fitted  together.  The  thicker  part,  then,  of  the  arm  must  be 
strong  enough  to  bear  the  circumferential  strain.  Experience 
has  shown,  that  when  a  spur-wheel  is  in  motion,  and  acted  upon 
by  a  considerable  force,  this  strain  has  a  tendency  to  make  the 
arms  assume  a  twisted  shape,  and  produce  on  them  a  lateral  in- 
flexion. It  is  to  obviate  and  prevent  this,  that  the  arms  are 
strengthened  by  feathers. 

The  power  acts  with  greatest  effect  near  the  boss  of  the  wheel, 
so  that  it  is  necessary  to  make  them  wider  at  this  part  than  near 
the  crown,  so  as  to  approximate  to  the  form  which  presents  an 
equal  resistance  throughout.  This  will  be  observed  in  the 
figures  in  Plate  XX.  The  boss  must  have  such  a  thickness  as 
will  allow  of  the  wheels  being  solidly  fixed  on  the  shaft.  A 
thickness  of  5  inches  may  be  considered  a  maximum  for  the  bosses 
of  moderately-sized  wheels.  The  dimensions  of  the  arms  should 
be  in  proportion  to  the  width  of  the  web  or  crown,  their  thickness 
being  ordinarily  about  J  that  of  the  crown.  This  proportion  is  a 
good  one  for  wheels  under  6i  feet  in  diameter.  For  larger  sizes, 
J  the  width  of  the  web  is  considered  sufficient. 

The  lateral  feathers  should  have,  at  the  very  most,  only  the 
thickness  of  the  arm.  Generally,  the  width  of  the  arm  near  the 
web  is  made  about  §  of  its  width  near  the  boss.  The  following 
table,  calculated  from  Tredgold's  experiments,  shows  the  propor- 
tions to  be  given  to  the  arms  or  spokes  of  spur-wheels,  according 
to  the  strain  acting  at  their  circumferences ;  supposing  the  dia- 
meter of  the  wheels  to  be  1  m.,  and  the  number  of  arms  6,  their 
thickness  being  taken  equal  to  J  the  width  of  the  crown.  The 
dimensions  given  are  the  averages,  or  those  to  be  applied  to  the 
arm,  half-way  between  the  boss  and  the  crown. 
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Table  of  the  Dimension*  of  Spur- wheel  Arm*. 


TaofaatUI  Sttmls  on  lb* 

Width  of  Uw  Arm  la 

Width  ..»rr  all.  of  lb* 

t«  litllu-  UrV 

Feftthrr*  Hi  r.   n.ii..  trt*. 

10 

t-90 

1  81 

168 

048 

11  64 

18  18 

:    ■ 

l.i  in 

vn 

i    -  I 

:•  70 

l  i  :■<  > 

i    - : 

1810 

16-60 

n  i  i 

1 1 1 «; 

17-60 

2680 

18-00 

17-00 

8840 

1-    0 

i;  16 

19-50 

19-40 

To  apply  the  numbers  in  this  table  to  wheels  of  other  diameter*, 
they  must  be  multiplied  by  vB,  K  being  the  radius  of  the  wheel 
I   r  which  the  dimensions  arc  to  be  calculated. 


■  casting  hu  nut  to  be  turned,  or  otherwise  re- 
duced, about  1  per  cent,  muit  be  allowed  in  the  dimensions  of  the 
e  lias  to  be  turned,  a  lit  I  le  more  than  this 
:i  this  Ust  case,  as  the 
allowance  to  be  made  ■  the  nature  ai. 

nation  of  the  piee*.      The  laj  the  greater  fhuuld  be 

the  per  a 

ce  can  be  cast  with  mathematical  precision — w! 
i».  tli.it.  ..:i  till  'r.ie   shape,  and 

•      : 

.-  U-cn  taken  in 
Ig  it  ;  or,  on  the  other  hand,  that,  in  lifting  it  from  the 
I. 'am,  the   muuhh  r  l-  .  e  it  laterally,   t 

extent,  so  that  the  casting  becomes  larger  at  one  |«rt,  or  : 
at  another;  or,  again,  that  the  metal  doM  not  ,-hriiik  equally  at  all 
parts.      With  regard  to  the  last  r.  it  lias 

often  been  found  lh.it  the  diameter  of  a  wheel,  measured  I 
the  line  of  the  arm.-.  •  -  than  as  measured  M  : 

the  arms.     Thi.-  diffi 
that   in  winds  of  10  to  lo  feet  diameter,  it  reaches  an 
eighth  or  a  sixth  of  an  inch. 

It  is  manifest,  that  all  then  considerations  most  be  borne  in 
mind  when  constructing  wooden  pattern!  for  castings;  otherwise. 
errors  of  considerable  magnitude  will  arise. 


CHAPT1  B  VI. 
CONTINUATION  OF  THE  STUDY  OF  TOOTHED  GEAR 


CONICAL  OR  DI'.VIL  GEAllIMi. 


226.  Cylindrical  or  spur-wheels  are  only  capable  of  transmitting 

motion  between  shafts  which  are  parallel  to  each  other;  and  when 

the  shafts  arc  inclined,  or  form  any  angle   with  each  other,  the 

require  to  be  made  conical,  and  are  then  called   bevnV 

In  order  tint  tlii-  description  of  gear  may  bo  capable  of  working 

well  and  regularly,  and  of  transmitting  considerable  power  when 

is  wiili  spur  gear,  it  is  essential  that  tie   thafta  or  axes  of 

any  |».iir  working  together  be  situated  in  the  same  plane;  in  this 

•  axes  will  meet  in  a  point  which  is  the  apex  common  to 

the  two  wheels. 

I  111  rly,  when  it  wag  required  to  transmit  power  through 
shafts  in1  i  other  at  right  angles,  a  species  of  lantern- 

w  In  el  wis  employed  for  one  of  the  wheels,  consisting  of  a  couple 
of  discs  with  cylindrical  ban  for  ti  eth,  passing  from  one  to  the  other 
parallel  to  the  axis;  and  the  wheel  to  gear  with  thi-  one  WM formed 
with  similar  teeth,  also  parallel  with  the  axis,  but  projecting  up 
from  a  single  disc  or  ring.  This  form  of  gearing  is  still  to  be  found 
in  old  mills;  but  it  is  very  defective,  and  very  inconvenient  when 

tanas,  as  for  some  descriptions  of  spinning  machinery — the 
cotton-spinner's  lly  or  roving-frame,  for  example— bcvil-whccls  arc 


Died,  in  which  the  axes  are  not  situate  in  the  same  plane ;  these  arc 
terme  1  "  skew  berila,"  from  tl 

in  order  that  (hey  may  act  properly    'ii  each  other.      This  kind  of 
wheel  does  not  work  well,  and  is  nUoa   i  ;  t  where 

the  size  is  very  small,  or  where  a  small  nearer  only  has  to  !«•  trans- 
mitt,  'd ;   the  peculiar  form  of  their  I  tender  th.  m   vary 
difficult  to  construct.    Their  use  is  so  limited,  that  further  details 
Dgthatn  are  uncalled  for.     hid.  .-1.  they  ought  rather  k  he 
since  there  arc  very  few  cases  in  which  common  bevil 
cannot  be  substituted  for  them  with  advantage. 
The  teeth  of  bevil  «                          of  wood  or  metal,  similarly 
to  spur-wheel  teeth,  and  their  geometrical  forms  are  determined  on 
the  same  principles. 

design  roii  a  pah  Of  iilvii. -wiii:els  in  cr.ut. 

PLATE  XXII. 

■_'J7.  Wa  propose,  in  the  present  example,  to  gire  the  larger 
whnl  wooden  teeth,  and  the  smaller  ones  cast-iron  ones,  as  was 
doni  with  the  pair  of  spur-wi  :;l-ed. 

Lai  \  I  and  \  I  tigs.  1  and  2.  be  the  axes  of  the  two  wheels 
assumed  here  to  be  at  right  angles  to  each  other;  though  we 


il  Draughtsman 


Plate  22. 
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must  observe,  that  what  follows  will  apply  equally  well  to  the 
construction  of  a  couple  of  wheels,  the  axes  of  which  make  auy 
angle  with  each  other,  acute  or  obtuse. 

Let  bo=  '220  m.,  and  E  f  =  -440  m.,  the  radii  of  the  pitch 
circles  of  the  two  wheels.  It  is,  in  the  first  place,  necessary  to 
determine  the  position  these  circles  should  occupy  on  their  respec- 
tive axes.  With  this  view,  on  any  point,  n,  taken  on  the  axis,  A  b, 
erect  a  perpendicular,  b  d,  and  make  it  equal  to  the  radius  of  the 
smaller  wheel,  and  through  the  extremity,  d,  draw  a  line,  D  L, 
parallel  to  this  axis ;  in  the  same  way,  at  any  point,  e,  taken  on 
the  axis,  A  C,  erect  the  perpendicular,  e  f,  equal  to  the  radius  of 
the  larger  wheel,  and  through  the  extremity,  f,  draw  f  h  parallel 
to  a  c.  The  point  of  intersection,  G,  of  these  two  lines,  r  h  and 
D  l,  is  the  point  of  contact  of  the  two  pitch  circles,  the  radii  of 
which  are  G  I  and  G  k.  Make  I  u  and  K  l,  respectively,  equal  to 
the  radii,  and  join  the  points,  h  g  l,  to  the  common  apex,  a,  thereby 
determining  what  are  termed  the  "  pitch"  cones,  a  h  g  and  A  G  l, 
of  the  two  wheels,  the  straight  line  or  generatrix,  A  G,  being  the 
line  of  contact  of  the  two  cones.  These  pitch  cones  possess  the 
same  properties  as  the  pitch  circles,  or,  more  correctly,  pitch 
cylinders,  of  spur-wheels ;  that  is  to  say,  their  rotative  velocity  is 
in  the  inverse  ratio  of  their  diameters,  and  their  diameters  are  pro- 
portional to  the  respective  numbers  of  their  teeth. 

The  proportions  of  the  pitch  cones  being  thus  obtained,  with  the 
centres,  o  and  o',  figs.  2  and  3,  taken  on  the  prolongation  of  the 
given  axes,  describe  the  pitch  circles,  a  h'  i  and  g'  k'  l'.  Divide 
these  circles  into  as  many  equal  parts  as  there  should  be  teeth ; 
that  is  to  say,  in  the  present  case,  24  and  48,  respectively,  which 
operation  will  give  the  pitch ;  each  part  is  then  bisected  to  obtain 
the  centres  of  the  teeth  and  of  the  intervals,  and  on  each  side  of 
the  centre  lines  are  set  off  the  demi-widths  of  the  teeth,  regard 
being  had  to  the  difference  to  be  made  between  the  wooden  and 
cast-iron  teeth,  as  already  explained  (213). 

The  external  contours  of  the  teeth  will  be  situated  in  cones,  the 
generatrices  of  which  are  perpendicular  to  those  of  the  pitch  cones  ; 
they  are  obtained  by  drawing  through  the  point  of  contact,  G,  on 
the  line,  A  G,  a  perpendicular,  b  c,  meeting  the  axis  of  the  smaller 
wheel  in  b,  and  that  of  the  larger  one  in  c ;  the  points,  B  and  c,  are 
the  apices  of  the  two  cones,  b  h  g  and  c  G  l. 

If  these  last-mentioned  cones  be  developed  upon  a  plane,  it  will 
be  easy  to  draw  upon  it  the  exact  forms  of  the  teeth.  Now,  we 
have  seen  (170)  that  the  development  of  a  cone  on  a  plane  surface 
takes  the  formv^f  a  sector  of  a  circle,  which  has  for  radius  the 
generatrix  of  the  cone,  and  for  arc  the  development  of  the  base  of 
the  cone.  As  it  is  unnecessary  to  develop  the  entire  cone  in  the 
present  case,  it  is  sufficient  to  describe  with  any  point,  b',  fig.  4, 
with  a  radius  equal  to  B  g,  an  arc,  a  e  b,  on  which,  starting  from 
the  point,  c,  are  divided  off  distances — one,  c  d,  equal  to  the  thick- 
ness of  the  tooth  of  the  smaller  wheel,  fig.  3,  and  the  other,  c  e,  to 
that  of  the  tooth  of  the  larger  wheel,  fig.  2.  The  same  operation 
is  performed  for  the  larger  wheel;  that  is,  with  the  point,  c', 
situated  on  the  prolongation  of  b'  c,  and  with  a  radius  equal  to  c  G, 
describe  the  arc,  fcg,  on  which  are  measured  the  distances,  re- 
spectively, equal  to  the  former  ones,  e  d  and  c  e. 

This  done,  the  outlines  of  the  teeth  are  obtained  by  means  of 
precisely  the  same  operations  as  those  explained  in  reference  to 


the  spur-wheels.  Thus,  on  the  radius,  b'  c,  considered  as  a  dia- 
meter, describe  a  circle,  i  cj,  which,  in  rolling  round  the  circle, 
fcg,  considered  as  the  pitch  circle  of  the  larger  wheel,  determines 
the  epicycloid,  c  h,  which  gives  the  curvature  of  the  teeth  of  the 
larger  wheel ;  in  the  same  manner,  the  circle,  k  c  I,  described  on 
the  radius,  c  c',  as  a  diameter,  and  rolling  round  the  circle,  a  c  b, 
gives  the  epicycloid,  c  m,  which  is  taken  for  the  curve  of  the  teeth 
of  the  smaller  wheel.  After  having  repeated  these  curves  sym- 
metrically on  each  side  of  the  teeth,  these  are  limited  by  drawing 
chords  in  the  generating  circles  from  the  point,  c,  each  equal  to 
the  pitch  of  the  teeth,  as  en,  c  k,  and  then  with  c'  and  b'  as  centres, 
describe  circles  passing,  one  just  outside  the  point,  n,  and  the  other 
just  outside  the  point,  k;  and  to  indicate  the  line  of  the  web,  describe 
a  second  couple  of  circles,  nearly  tangents  to  the  preceding.  Then 
project  the  points,  o  and  p,  which  indicate  the  depth  and  extre- 
mities of  the  teeth,  over  to  the  line,  b  c,  in  d  and  p  ;  through  these 
lust  draw  straight  lines  to  the  apex,  A,  which  will  represent  the 
extreme  generatrices  of  the  teeth,  as  in  vertical  section. 

As  all  the  teeth  converge  in  one  point,  it  is  obvious  that  the 
contour  of  the  inner  ends  of  the  teeth  cannot  be  the  same  as  that 
of  the  outer  ends ;  the  difference  is  the  greater,  according  as  the 
width,  G  r,  on  the  generatrix  line  of  contact  is  itself  greater,  in 
proportion  to  the  entire  cone,  and  to  the  greater  or  less  angle 
formed  by  the  extreme  generatrices. 

In  other  respects,  this  contour  is  determined  in  the  same  manner 
as  the  first.  Thus,  through  the  point,  r,  is  drawn  the  straight 
line,  *  t,  perpendicular  to  A  G,  which  cuts  the  two  axes,  and  gives 
the  proportions  of  the  two  cones,  on  the  surface  of  which  lie  the 
contours  of  the  inner  ends  of  the  teeth.  Continuing  the  opera- 
tion as  above,  portions  of  the  cones  are  developed,  arcs  being 
described  with  the  points,  s'  and  t',  as  centres,  and  radii  equal  to 
r  s  and  r  t.  The  diagram,  fig.  5,  which  is  analogous  to  fig.  4,  fully 
explains  what  further  is  to  be  done. 

What  has  been  said  so  far,  has  referred  only  to  one  tooth  of 
each  wheel.  In  proceeding  with  the  execution  of  the  design,  after 
cutting  out  templates  to  the  form  of  the  teeth  as  obtained  by 
means  of  them,  the  outline  is  repeated,  as  often  as  is  necessary,  on 
the  external  cones,  the  generatrices  of  which  are  b  g  and  G  C,  for 
the  outer  ends  of  the  teeth,  and  on  the  internal  cones,  the  genera- 
trices of  which  are  r  s  and  r  t,  for  the  outlines  of  the  inner  ends  of 
the  teeth.  At  the  same  time,  and  in  order  that  the  operation 
may  be  performed  with  regularity  a  series  of  lines  should  be 
drawn  through  the  points,  o,p,  of  the  two  wheels,  lying  on  the 
surface  of  the  external  cones,  A  h  g,  a  g  l,  and  uniting  at  the 
apex,  A,  by  means  of  a  "  false  square,"  of  a  form  analogous  to  that 
represented  at  x,  in  fig.  3,  Plate  XXIII. ,  for  the  smaller  wheel, 
and  like  that  represented  at  T,  fig.  4,  of  the  same  Plate,  for  the 
larger  wheel. 

The  forms  of  the  teeth  being  thus  obtained,  the  partial  section, 
fig.  1,  of  the  two  wheels  is  drawn,  the  radii  of  the  shafts  being 
given,  as  well  as  the  thickness  of  the  bosses  and  webs,  the  propor- 
tions employed  in  the  present  example  being  indicated  on  the 
drawings.  It  will  be  observed  that  those  teeth  which  are  of  wood 
are  adjusted  in  the  web  of  the  larger  wheel,  in  the  same  manner 
as  in  the  spur  or  cylindrical  wheels,  the  forms  of  the  tenons  being 
I    modified,  so  that  their  sides  all  incline  to  the  common  apex,  A. 
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The  sc. '  •  with  the  dan  •-.  4  and  5,  are 

sufficient  fur  the  purposes  of  construction,  as  all  the  required  una- 
suremt'iits  can  be   obtained  from  them  ;    but  when  it  ia 
produce  a  complete  eilernal  elevation  of  the  two  wheels,  it  will  be 
necessary  to  fmd  the  projections  of  the  teeth   and   other  parts. 
With  this  view,  the  teeth  are  first  actually  drawn  upon  t 

:ion  parallel  to  the  bases  of  tha  wha  1-.  »«  shown  in  ti  •< 
2  and  3.      It  will  be  recollected,  that  drri 

made  on  the  pitch  circles,  a  h'  i',  and  I.'  k  o',  indicating  the  centre 
lines,  as  will  of  the  teeth  as  of  the  fatten  da,  and  marking  the 
positions  of  the  flanks;  and,  consequently,  all  that  remains  is  to 
draw  the  external  outlines  and  tha  curved  portions.  For  the 
smaller  wheel,  the  operation  consists  in  projecting  lop',  in  fig.  3, 

■   j).  fig,  1,  which  limits  the  lower  and  outer  edge  of  the 
tooth,  an  I  in  daacribing  with  tha  centre,  <>,  and  radius,  Off,  a  circle 

tha  whole  of  die  teeth externally,  and corresponding  to  tha 

section  of  the  cone  in  which  the  points.;;;/,  fig.  1,  lie.  In  this 
circle,  al  tha  curves  of  the  outer  portions  of  the  teeth, 

and  tlnir  exact  points  of  intersection  are  obtained  by  measuring  on 
each  side  of  the  centre  lines,  t>o,  distances,  ni,  r;i,  equal  to  the 
correspondiii,-  distances,  v'u',  e/s/,  in  fig.  4.  Then,  through  the 
points,  u,p,  draw  a  scries  of  line-.  COnvt  tging  to  thecentre,0;  and 
through  the  points,  c,  e,  fouud  in  a  similar  manner,  draw  similarly 
converging  lines,  indicating  the  inner  angles  of  the  interval-. 
Further,  find  the  circular  arc  to  represent  the  epicycloidal  curve, 
passing  through  the  points,  u,  p,  and  tangential  at  the  same  time 
to  the  lines,  o  a,  at  the  points,  e,  t. 

The  method  of  doing  this  is  shown  in  fig.  3 :  it  consists  in  draw- 
ing through  the  point.  >,  a  line,  r  c,  at  right  angles  to  the   radius, 

o  t,  and  in  bisecting  the  chord,  e  u,  by  a  perpendicular  cutting, 
e  tin  z,  which  will  be  the  centre  of  the  required  arc.  Arcs  of  the 
same  radius,  e  z,  are  employed  for  the  curves  of  all  the  teeth  on  the 
smaller  wheel,  and  the  outline  of  these  is  completed  by  determin- 
ing, in  a  similar  manner,  the  arcs  fur  the  corresponding  curved 
portions  of  the  incur  ends  of  the  teeth,  after  having  projected  and 
drawn  circles  through  the  points  corresponding  to  r  and  ;»',  of  fig. 
1.  Finally,  the  lines  of  the  Wl  l<  1"  twei  D  the  teeth — that  is,  the 
bottom  lines  of  the  intervals — are  drawn,  the  projections  of  the 
points,  y  and  y',  being  found,  and  circle*  dl  -crib.  1  with  the  1 1  litre, 
0,  passing  through  them.  It  will  lie  observed  tint,  on  a  portion 
of  tig.  3,  ii  represented  a  view  of  a  quarter  of  the  lower  and  inner 
tide  of  the  wheel,  whilst  the  other  porti I  thi  figure  is  an  ex- 
lew,  showing  the  teeth  as  in  plan  ;  in  tin  former  case,  the 
outline  i  that  of  a  spur-wheel,  for,  as  it  is  the  larger  ends 
I  .nil  on  which  we  are  looking,  the  narrower  and 
iio  hind  portions  are  hid  behind. 

I  be  1  iteral  projection  of  the  teeth  of  the  small  win  1 1.  fig,  1,  i* 
:.   first,  hy  successively  projecting  or  squaring  over,  from 
the  plan,  fig.  3,  the  point-.  ■.  h  line,  Q  ii  ;  and  se- 

condly,  by  similarly  squaring  over  the  )  the  ex- 

ternal line,  ;i;.'.  Through  the  point.-,  . , .',  draw  a  series  of  line- 
ing  at  the  spcx,  n,  anil  repn  M  Dting  the  flanks  of  the  tnpth, 
and  limited  by  the  line,  yy;  then  draw  curves  tangential  to  these 
flanks  at  the  points,  ti,;i,  making  them  pass  through  the  extreme 
points,  r,r.  Wh.  re  the  scale  of  the  drawing  is  very'  'urge,  and  it 
it  wished  to  be  particularly  precise  in  delineating  these  curves, 


point*  int.  rmediate  between   u,  ;>,  and  t,  e,  maybe  obtained  by 

tug  section!  of 
the  cone,  projected  in  strain  I  I      w  r  to  which  are 

i  ■  f  tha  t 

•-.  ».;i,  draw  straight  lines,  i 
ing  in  the  apex,  A,  and  find  the  lateral  projection  of  the  fa 
of  the  t.  s  to  pass  th:  ts,  r,y', 

and  ;<' ,  ttOB  of  the  |  !  . 

■  squared  over  to  the  couoopuuding  rectilinear  pr 
in  fig.  1.     The  inner  ends  of  the  taath  are  than 
drawing  the  flanks,  <  ,  y'.  all  I  tha  apex.  ».  lad 
by  arcs  putting  through  tht  \ 

The  appi  r  1.  :t  hand  quadrant,  M,  of  fig.  2,  is  a  face  view  of  the 
teeth  of  the  larger  bc\il  wlucl,  with  wool,  n  tc.tli.  tin    \-' 
ing  drawn  in  the  same  manner  as  fig.  3.     The  method  of  finding 
the  centre,  7.,  of  the  arc.  which  it  substituted  for  the  curved  por- 

■  ach  tooth,  is  shown  in  fig.  2".  From  this  view  (fig.  2) 
are  obtained  the  various  points  required  to  produce  the  lateral  pre 
jection  of  the  t  1  he  operations  an 

same  as  those  just  doacHbad  in  reference  to  fig.  3,  and  the  smaller 
wheel ;  the  same  distinguishing  letters  are  also  used  to  point  out 
the  similarity. 

The  same  figure  (2)  also  comprehends  at  N  a  second  quadrant 
of  the  wheel,  drawn  as  seen  from  the  under  side,  so  as  to  show  a 
face  \  lew  of  the  tenons  of  the  wood,  n  teeth,  the  sides  of  which  all 
converge  in  the  point,  o'.  A  third  quadrant,  P,  gives  a 
the  outer  side  of  the  web  or  crown,  the  teeth  being  supposed  to  be 
removed,  so  that  the  mortises  are  seen.  The  last  quadrant,  B, 
gives  a  back  view  of  the  web,  also  without  the  teeth. 

Fig.  G  is  a  section  of  one  of  the  anus  of  the  larger  be\  il-nhei  1. 
made  through  the  line,  1 — 2,  in  fig,  2.  Fig.  7  is  a  section  of  the 
web  made  through  the  line,  3 — 4,  fig.  2,  passing  through  the 
centre  of  the  mortise  ;  and  fig.  8  comprehends  a  lateral  projection 
and  two  end  views  of  one  of  the  wood,  n  to  th. 

1m  \il,  as  well  as  spur-wheels,  are  fixed  on  their  shafts  by  means 
of  keys,  and  pressure  screws,  v,  are  often  added  to  insure  their 
perfect  adjustment  centrally. 

The  nit a-ur.  mi  lit.-  given  In  the  diagrams  will  enable  the  student 
to  form  an  accurate  idea  of  the  actual  proportions  of  the  various 
parts. 

THE  CONSTUl  I  TlnN    ill     WOODEN    PATTlllNs    lull    A    IWIlt 
OF    IIEYIL-W1II  I  IS. 
Tlatk  Will. 
228.   The  observat'n I  i  Is  made  with  reference  to 

ms  of  spur-win.  ]-.  an-  evidently  equally  applicable  to  tha 

construction  of  patterns  for  h.  \il  win.  I.-;  still,  at  the  BSjDM  time, 
the  ditl'eri  nee  in  the  form  of  the  latter  culls  for  further  details, 
more  especially  appertaining  to  them. 

PATTEIIN    0K   THK    SMALLER    nT.Vl!.-WMl  I  I.. 

Figs.  1  and  2  represent  the  two  projections  of  the  pattern 
of  the  smaller  of  the  two  wheel-  in  the  preceding  Plate.  Fig.  3 
i-  a  \.  rt ii  ill  section  through  the  line.  1  2,  of  fig.  2,  showing  on 
one  -Idc  the  layers  of  wood  put  roughly  together,  and  intended  to 
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form  the  crown  ;  and  on  the  other,  a  view  of  the  same  as  finished, 
with  the  arm  and  its  feathers. 

It  will  be  seen  from  these  figures  that  the  crown  is  built  up  in 
the  same  manner  as  that  of  the  pinion  in  Plate  XXI. ;  the  layers 
of  wood  are,  however,  in  steps,  increasing  in  diameter  downwards, 
so  as  to  give  the  required  conical  form  when  turned.  When  these 
pieces  are  glued  together,  the  whole  is  turned  externally  and  in- 
ternally in  such  a  manner  as  to  conform  exactly  to  the  full-sized 
drawing,  previously  made  on  a  board  planed  smooth  for  the  pur- 
pose. "  Squares,"  also,  should  be  made  from  the  drawings,  to 
serve  as  guides  in  producing  the  correct  conical  inclination. 

After  turning  the  top  face,  b'  b',  perpendicular  to  the  axis  of  the 
cone,  the  pattern-maker  proceeds  to  turn  the  external  conical  sur- 
face, a'  V,  of  the  web  or  crown.  As  a  guide  in  doing  this,  he 
takes  a  "  false  square,"  t,  fig.  4,  of  which  one  side,  b  b,  corre- 
sponds to  the  plane  face,  V  b',  and  the  other,  a  b,  to  the  inclination 
of  the  conical  generatrix,  a'  V  :  it  is  very  easy  with  this  to  take 
off  just  as  much  of  the  wood  as  is  necessary,  without  the  liability 
of  going  too  far.  It  is  also  necessary  to  determine  the  inclination 
of  the  generatrix,  B  a,  of  the  outer  cone,  perpendicular,  it  will  be 
recollected,  to  the  contact  generatrix,  g  »•,  by  means  of  the  square, 
x,  fig.  3,  the  side,  a  b,  of  which  is  applied  exactly  to  the  conical 
surface,  a  V,  and  the  side,  a  c,  then  gives  the  inclination  of  the 
conical  surface,  a  c  ;  and  the  same  square  being  turned  round  will 
give  the  inclination  of  the  internal  conical  surface,  b  d',  the  gene- 
ratrix of  tliis,  the  smaller  cone,  being  s  r,  parallel  to  b  g,  that  of 
the  larger  one. 

Finally,  the  thickness  at  a!  c  and  b'  d',  is  measured  on  the  wooden 
web,  so  as  to  obtain  the  proportions  of  the  internal  conical  surface, 
c  d',  to  be  turned  out  in  a  similar  manner. 

Mortises  have  now  to  be  cut  in  the  crown  to  receive  the  ends  of 
the  arms,  C,  and  their  feathers,  E.  As  the  wheel  under  considera- 
tion is  of  very  small  diameter,  the  number  of  arms  is  limited  to 
four ;  these  arms  are  so  placed  inside  the  crown  that  the  feathers  are 
all  on  one  side,  and  towards  the  wider  end  of  the  cone.  Their 
attachment  to  the  web  is  by  means  of  a  circular  groove  or  mortise, 
seen  at  e'f,  fig.  2,  and  at  g '  d',  fig.  3,  and  they  are  united  at  the 
centre  to  each  other  and  to  the  boss,  in  the  same  manner  as  the 
arms  of  the  pinion,  described  in  reference  to  Plate  XXI.  The 
arms  are  not  placed  in  the  middle  of  the  boss,  as  in  the  spur-wheel 
and  pinion,  but  are  simply  applied  to  the  base  of  the  boss,  which 
may,  consequently,  be  of  a  single  piece  ;  and  the  feathers  are  let 
into  a  groove  extending  their  whole  length,  and  are  fixed  into  the 
boss  and  crown  at  either  extremity.  The  boss  is  slightly  coned, 
so  as  to  give  the  "  draw"  necessary  in  the  construction  of  the 
mould.  Its  outer  edges  are  indicated  by  the  lines,  m  n,  m  n,  whilst 
the  other  lines,  o  p,  which  are,  on  the  contrary,  parallel  to  the  axis, 
show  the  depth  of  the  grooves  cut  to  receive  the  feathers  of  the 
arm.  These  last,  as  shown  in  the  section,  fig.  10,  are  thicker  near 
the  arms. 

The  core  pieces,  E,  are  added  on  either  end  of  the  boss,  and  the 
whole  is  held  firmly  together  by  means  of  a  central  bolt. 

The  pattern  being  so  far  advanced,  the  external  conical  surface 
is  divided  into  as  many  equal  parts  as  there  are  to  be  teeth  and  in- 
tervals, and,  with  the  assistance  of  the  "  false  square,"  T,  lines  which 
represent  generatrices  of  the  cone,  are  drawn  through  the  points  of 


division,  to  indicate  the  positions  of  the  teeth  or  of  the  grooves  to 
receive  them. 

Each  tooth  is  cut  out  separately  according  to  the  full-size  draw- 
ing made,  as  already  mentioned,  which,  besides  containing  the  ver- 
tical section,  fig.  3,  should  also  show  the  exact  form  of  each  end  of 
the  tooth,  is',  and  of  the  dovetail  joint  attaching  them  to  the  web. 
Fig.  5  shows  a  portion  of  this  drawing  for  the  larger  ends  of  the  teeth . 

PATTERN   OF   THE   LARGER   BEVIL   WHEEL. 

230.  Figs.  6  and  7  represent  the  elevation  and  plan  of  the 
pattern  of  the  larger  bevil  wheel,  with  wooden  teeth,  represented 
in  Plate  XXII.  Fig.  8  is  a  vertical  section  through  the  axis  of  the 
wheel,  showing  on  one  side  the  arrangement  of  the  pieces  of  wood 
built  up  upon  one  another,  and  forming  the  crown,  A,  and  on  the 
other  side,  the  same  piece,  turned  and  finished,  attached  by  the 
arm,  C,  to  the  boss,  d. 

Fig.  9  represents  the  false  square,  t,  employed  as  a  guide  for 
giving  the  proper  inclination  to  the  external  conical  surface,  a  b', 
of  the  crown. 

Fig.  11  is  a  transverse  section  of  one  of  the  arms,  or  spokes, 
taken  through  the  line  7 — 8  in  fig.  7. 

Whatever  explanations  are  called  for  regarding  the  construction 
of  the  crown,  A,  the  arms,  c,  and  the  boss,  D,  as  well  as  the  uniting 
of  these  parts  with  each  other,  have  already  been  given  in  refer- 
ence to  preceding  examples.  We  have  distinguished  all  corre- 
sponding parts  and  working  lines  by  the  same  letters. 

The  only  difference  between  this  last  and  the  preceding  example 
consists  in  the  disposition  of  the  tooth  pieces,  b',  placed  on  the  out- 
side of  the  crown,  to  form  the  sockets  in  the  mould  for  receiving 
the  core  pieces  for  the  mortices,  into  which  the  wooden  teeth  are 
to  be  fixed  after  the  piece  is  cast. 

It  must  be  observed,  in  the  first  place,  that  these  projections 
must  be  shaped  so  that  the  end,  k  I,  is  inclined  to  the  surface,  b'  a, 
instead  of  being  perpendicular  to  it.  This  inclination  must  be 
sufficient  to  allow  of  the  easy  disengagement  of  the  piece  from 
the  mould.  This  disposition  is  necessaiy,  because  the  lower 
half  of  the  mould  takes  the  impression  of  the  outside  of  the 
crown,  with  the  tooth  pieces  and  the  upper  portions  of  the  arms, 
whilst  the  top  part  of  the  mould  takes  the  inside  of  the  crown,  the 
feathers  of  the  arms,  and  the  boss,  the  position  of  the  whole  being 
the  reverse  of  that  in  which  they  are  represented  in  the  drawing. 

The  core  pieces  for  the  teeth  are  formed  by  the  moulder  in  core 
boxes,  similar  to  those  described  in  reference  to  figs.  10  and  11, 
Plate  XXI.,  which  we  have  reproduced  in  Plate  XXIII.,  figs.  12, 
13,  and  14,  as  modified  to  suit  the  different  form  of  tooth.  Fig. 
12  is  a  face  view,  and  figs.  13  and  14  are  sections  made  through 
the  lines  9—10  and  11—12  of  fig.  12.  It  will  be  observed  that, 
at  the  larger  end  of  the  tooth,  the  part  to  project  is  formed  with 
an  inclination  corresponding  to  k  I,  in  fig.  7,  already  referred  to  as 
required  in  this  case. 

The  operations  called  for  in  delineating  these  patterns  are  all 
fully  indicated,  and  are  analogous  to  those  in  the  preceding 
plates.  The  observations,  also  (149  and  214),  already  made,  with 
reference  to  calculating  the  allowance  to  be  made  for  shrinking, 
and  for  the  turning  and  finishing  processes,  are  equally  applicable 
to  the  case  before  us. 
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INVOLUTE  AND  SELICAL  TEETH. 

\.\iv. 

MUM 

I  ril. 
I1..1  ml   >■ 

I:i  the  TariOOl 

I,  it  will  imvr  been  obi 
let  'I  bat  the  outline  of  the  I  Icon  the 

li  r  of  the  other  wheel  with  which  it  is  in  pear. 
it  the  dlstai 

altered  in  th  e  without  di  - 

ing  the 

1  uu  the  distal  re  centres  of  the  jn>int 

of  contact  varies  throughout  the  duration  of  the  contact;  from 
which  mii-t  obviously  result  irregularity  in  the  action  and  inequa- 
lity in  the  amount  of  friction. 

The  practice!  neve  induced  a 

search  after  other  forms,  ami  amongst  these  t  modification  of  the 
involute  has  been  tried.     The  form  In  question  possesses  the  ful- 
■    ■,..,  ;_- 
1st.  The  form  of  the  teeth  of  such  a  wheel  is  quite  indepen- 
dent of  the  diameter  of  the  wheel  with  which  it  is  to  gear. 

2  I,   IK.   distai  of  the  wheels  may  be 

varied  without  disadvai 

ttrthors  also  attribute  to  this  form  the  property  of  trans- 
mitting the  pressure  uniformly  throughout  the  duration  of  the  eon- 
tut.  This,  however,  cannot  be  the  case  altogether,  for  the  distani  a 
of  the  point  of  contact  from  the  centres  of  the  wheels  is  constantly 
varying — the  variation  n"t  being  accurately  proportional  in  the  two 
wheels.  This  system  of  gearing  IS  constructed  on  the  following 
principles : — 

Let  the  centres,  o  and  0',  fig.  1.  of  the  two  wheels  be  given, 
and  the  radii,  o  a  and  a  <>•.  of  the  respective  pitch  circles;  also, 

let  O  B  be  the  radius  of  any  circle  described  with  the  cent) 
the  circumference  of  this  last  draw  a  tangent,  I  B,  passing  through 
the  point,  a,  and  prolong  it  indefinitely  in  either  direction.  1 
the  centre,  o',  lei  fall  on  this  line  a  perpendicular,  •>  c,  on  which 
will  accordingly  be  the  radius  of  a  second  circle  tangent  to  the 
same  line.  These  circles  of  the  radii,  .  •  B  and  o'cj  are  those  from 
which  are  derived  the  involute  curvt  ■  /,  forming  the 

outline  of  the  teeth.  For  the  test,  the  wheels  are  drawn  just  as 
in  Plate  XVIII.  (197.) 

It  must  be  observed   that  the  curve.  .1  l>.  which  is  the  involute 

•  ■I  the  circle  of  the  radios,  "  b,  i-  that  for  the  tooth  of  the  spur- 
wheel,  the  centre  of  which  is  the  same  ami  the  radiu-.  ■•  \  ;  and.  in 
like  manner,  the  curve.  ,■ ,!,  the  involute  of  the  smaller  circle,  is 

1  of  the  radius,  ,.    4,     It  thus  follows 
that  the  form  of  the  teeth  of  the  spur  wheel  is  quite  independent  of 

tho  diameter  of  the  pinion,  whilst  thai  of  the  pinion  teeth  i-  in  1. 
r  «.f  the  spur-wheel.     Prom  which  it  fol- 
lows,  that   wh  i  in  tlii-  manner  in.iv 

with  any  wheel-   whoSS    teeth   arc   fori 1  on   the   same  principle, 

and  whose  pitch  i-  th.  same,  whatever  may  he  their  respective 
diamct.  1  ,   does  not  admit  of  thi«,  al- 


I 

1  practically  . 

■  tricallv 
lines  of 

'     '  and  we 

measure  off  on  qual  to 

fg,  as  measured  at  the  pitch  circle,  and  then,  with  the 

-circle 

.1  limit  of  thi 

In  lik 
measure  a  ami  with  the 

centre,  o,  describe  a  1  it  will 

be  the  limit  of  the  spm  is,  that 

I  little  within  the  point,  r\  on  the  one  liand,  and  r. 
On  the  other,  will  determine  the  depth  of  the  intervals,  or  the  line 
of  the  •  ■!!  and  spur-* 

is  a  diagram  to  show — first,  bow  that  the  point  of  con- 
tact of  the  two  involute  curve-  i-  always  in  the  line  of  the, 
1  '  .     Thus,  referring  again  to  fig.  1,  and  suppe 
pinion  to  turn  in  the  direction  of  the  arrows,  the  point  of  contact, 
as  a  of  the  inn 
centre,  11',  of  the  pinion,  vvhil-t  it  a]  ;  f  and  nearer  to 

ir-whi  •  I      Bi  tan 
in  the  SI  thai  I 

0,0',  may  he  varied  will  curves; 

but,  in  such  case,  the  Incline! 

-  are  brought 
ther. 

In  pr.v  the  radius,  O  B,  arbitrarily, 

and  then  deriving  the  other  r.. 
1  irclea  which  serve  for 
well  as  the  inclination  of  the  tangent,  by  the  follow. 

On  one  of  the  pitch  oil  le  pinion,  for 

an  arc  a  /.  equal  to  the  pitch  of  the  teeth;   draw  t 
and  on  it  let  fall 

then  he  the  radius  of  ti  ■  r  the  involnti 

of  the  teeth  of  the  pinion,  and  by  prol 

fact,  the  common  tangent,  and  drawing  the  radius,  "  a,  1 

cular  to  it,  or.  v  will  be 

the  radiu- 

wheel. 

If  this  rule  i-  applied  to  wheels  of  lar_-e  diameters,  it   w 

curve-  differing  very  slightly  from  epicyi  l 

By  taking  for  the  generating   circles,  as  in  the  first  case,  radii, 

■ 
inclination  "( t!"  the  line  joinin 

and  the  resuli 

chh   and  strength  at   the  roots,  which  is  desirable  for 
intended  to  transmit  creat  or  irregular  strains. 
It  will  be  observed  farther,  that,  according  to  thi-   system,  the 
1    portion  of  the  tlmk  of  the  tooth  is  aim 
nothing,  indeed  th.'  cut-.  .unci  down  to  the  lii 

web  with  advantage,  a-  the  tooth  will,  in  .  ■    much 

stronger  near  the  web,  which  is  not  the  case  with  the  epicj 
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teeth,  for  in  those  the  flanks  all  converge  towards  the  centre  of  the 
wheel,  and  the  tooth  is,  in  consequence,  narrower  at  the  neck,  close 
to  the  web,  than  at  the  pitch  circle. 

Fig.  2  is  a  fully  shaded  elevation,  or  vertical  projection  of  the 
spur-wheel  separated  from  the  pinion.  The  portions  of  these 
wheels  not  particularly  referred  to,  are  constructed  on  the  same 
general  principles  as  those  previously  discussed. 

HELICAL     GEAHING. 
FlGDKES  4  AND  5. 

232.  If  to  a  worm-wheel  we  apply,  instead  of  a  worm,  a  pinion 
with  teeth  helically  inclined  to  correspond  to  the  similarly  inclined 
teeth  of  the  worm-wheel,  we  shall  have  a  spur-wheel  and  pinion 
constructed  on  the  helical  principle. 

This  system,  invented  in  the  seventeenth  century  by  Hooke, 
but  reproduced  since  by  White  and  others,  claims  to  possess  two 
properties  which  have  been  often  thought  to  be  incompatible  with 
each  other — namely,  uniformity  of  angular  velocity,  and  freedom 
from  other  than  rolling  friction  between  the  teeth.  In  other  words, 
the  arcs  described  by  driver  and  follower  will  be  equal  in  equal 
times,  and  the  contact  between  the  teeth  will  resemble  that  of 
circles  rolling  on  planes. 

Added  to  these  properties,  and  consequent  to  them,  are  the  ad- 
vantages of  a  constant  contact,  and  of  an  insusceptibility  to  the 
play  between  the  teeth,  which  invariably  exists  more  or  less  pal- 
pably in  gearing  constructed  according  to  the  systems  before 
described. 

The  form  of  the  helical  teeth,  as  taken  in  a  sectional  plane  at 
right  angles  to  the  axis  of  the  wheel,  may  be  derived  either  from  a 
couple  of  epicycloids,  or  a  couple  of  involutes  ;  it  is  only  the  sides 
which,  in  common  spur-gearing,  are  parallel  to  the  axis  that  here 
follow  the  inclination  of  a  succession  of  helices  coming  in  contact 
one  after  the  other.  The  arrangement  is  such  that  the  contact  of 
each  tooth  commences  at  one  side  of  the  wheel  and  crosses  over 
to  the  other,  and  does  not  cease  until  the  following  tooth  shall 
have  commenced  a  fresh  contact. 

The  helicoidal  system  may  be  applied  either  to  wheels  having 
their  axes  parallel,  as  spur-wheels,  or  intersecting,  as  bevil-wheels, 
or  again  inclined,  but  not  intersecting,  as  skew  bevils. 

In  figs.  4  and  5  are  represented,  in  face  and  edge  view,  a  spur- 
wheel  and  pinion,  constructed  according  to  this  system  of  Hooke's, 
this  being  its  simplest  and  most  common  application  : — Let  A  o  and 
a'o  be  the  radii  of  the  respective  pitch  circles  of  the  two  wheels, 
these  radii  being,  of  course,  in  the  same  ratio  as  the  numbers  of 
the  teeth,  as  in  common  gearing.  The  radii  are  supposed  to  lie 
in  a  vertical  plane,  b'  c',  and  it  is  on  this  plane,  as  turned  at  right 
angles,  that  the  operations  represented  in  fig.  4  are  supposed  to  be 
performed. 

These  operations  have  for  their  object  the  obtainment  of  the 
outline  of  the  teeth,  and  are  precisely  the  same  as  for  any  other 
epicycloidal  system  of  gearing.  Thus,  the  curves,  A  b  and  A  c, 
are  derived  from  the  generating  circles,  OD  A  and  A  d'o',  as  also 
the  flanks,  A  d  and  A  e ;  but  it  is  unnecessary  to  repeat  a  detailed 
explanation  of  the  proceeding. 

Supposing,  then,  the  outline  of  the  teeth  to  be  drawn  as  on  the 


plane,  b'  c',  representing  say  the  anterior  face  or  base  of  the  wheels, 
next  draw  the  line,  E  F,  (fig.  5,)  representing  the  opposite  face,  and 
parallel  to  the  first,  limiting  also  the  breadth  of  the  wheels. 

To  proceed  methodically,  the  teeth  should  also  be  drawn  as  seen 
on  this  plane,  E  F  being  behind  the  outlines  of  the  anterior  end3  of 
the  teeth,  a  distance  equal  to  A  a',  or  rather  more  than  the  pitch. 
These  last  outlines  need  only  be  represented  in  faint  dotted  or 
pencil  lines  in  fig.  4,  as  the  parts  they  represent  are  not  actually 
seen  in  that  view  when  complete.  Thus,  starting  from  the  point, 
a',  on  the  pitch  circle  of  the  spur-wheel,  and  from  the  point,  c;', 
on  the  pitch  circle  of  the  pinion,  we  repeat  the  contours  of  the 
teeth,  as  obtained  at  e  a  i  and  d  A  n,  respectively. 

As  the  result  of  this  disposition,  it  will  be  observed,  that  if  the 
curve,  A  i,  of  the  tooth,  A,  of  the  spur-wheel  is  in  contact,  at  the 
pitch  circle,  with  the  flank,  G  d,  of  the  tooth,  G,  of  the  pinion  at 
the  anterior  face,  b'  c',  and  if  the  wheels  be  made  to  turn  to  a  cer- 
tain extent  in  the  direction  of  the  arrows,  the  curve,  a'  i',  on  the 
opposite  face,  E  F,  will  in  time  be  found  to  be  in  contact  with  the 
corresponding  flank,  Q  d',  of  the  pinion.  In  other  words,  if  the 
space  between  the  curves,  A  i  and  a'  j",  be  filled  up  by  a  helicoidal 
surface,  as  also  the  space  between  the  flanks,  G  d  and  g'  d\  all  the 
points  of  one  such  surface  will  be  in  contact  successively  with  the 
corresponding  points  on  the  other ;  so  that  when,  for  example,  the 
curve,  A  i\  shall  have  reached  the  position,  A2  r  ;  that  is,  when  it 
shall  have  passed  through  a  distance  equal  to  A  a',  the  posterior 
curve,  a'  i,  will  have  assumed  the  position  held  originally  by  A  i\ 
or  rather,  a  position  directly  behind  this  in  the  plane  passing 
through  the  axis,  and  the  point  of  contact  between  a'  i  and  a'  d' 
will  then  obviously  be  in  the  line  of  centres,  O  o'.  It  thus  follows, 
that  any  two  teeth  which  act  on  each  other  will  be  constantly  in  con- 
tact on  the  line  of  centres  throughout  a  space  equal  to  A  a'.  This 
space,  A  a',  is,  as  before  stated,  somewhat  greater  than  the  pitch 
of  the  teeth,  so  as  to  allow  a  following  couple  of  teeth  to  act  on 
each  other,  and  be  in  contact  on  the  line  of  centres  before  the 
couple  in  advance  shall  be  quite  free,  and  thus  a  constant  contact 
on  the  line  of  centres  is  preserved  throughout  the  entire  revolu- 
tion. 

In  order  to  delineate  the  lateral  projection,  fig.  5,  it  will  be  ne- 
cessary to  find  the  curves  which  form  the  outline  of  the  helicoidal 
surfaces  of  the  teeth.  The  principle,  according  to  which  this  is 
to  be  done,  is  precisely  what  has  already  been  explained  (208).  In 
the  present  case,  however,  as  we  have  but  fragments  of  helices  to 
draw,  in  place  of  finding  the  pitch  of  the  helix,  and  then  dividing 
it  and  the  circumference  proportionately,  it  will  be  sufficient  to 
divide  the  width,  b'  e,  of  the  wheels,  into  a  certain  number  of 
equal  parts ;  and  through  the  points  of  division,  to  draw  lines 
parallel  to  b'  c'.  Further,  the  arcs,  a  a',  e  c,  it,  must  be  divided 
into  a  like  number  of  equal  parts. 

To  render  the  diagram  clearer,  these  divisions  are  transferred 
to  1, 2,  3.  4,  &c,  and  1',  2',  3',  4',  &c.  (fig.  4.)  Each  point,  1, 2,  3,  4, 
being  squared  over,  in  succession,  to  the  corresponding  lines  in 
fig.  5 — namely,  the  lines  of  division  first  obtained,  and  lying 
parallel  to  the  faces  of  the  wheels,  the  operation  will  give  the 
curve,  1,  3,  5,  6,  (fig.  5,)  corresponding  to  the  outline  of  the  exter- 
nal edge,  extending  from  i  to  i.  The  curve,  1',  3',  5',  6',  similarly 
gives  the  other  edge.     It  is  also  obvious  that  the  line  of  junction 
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th  with  the  «  A  curve, 

I  a  cvlin- 
■ 

ins  of  all  tin  •■  rmincd  in  the 

I   .t  tiny  will,  of 

n  which  they  lie  with  rwpeet  to  tht 

; 

traction,  in  order  t<>  determine  the  exact  Inclination 

i.    Tht 
four  tern  ill  width, 

circumferential  ndii  [to  I  \.  and  the 

piteh  of  tht  helii ;  thai  the  heli- 

cal pitch  for  the  rani  i  '      It  may  be 

trioaHy,  ;- i 1 1 1 j . I y  thus: — Make  the  straight  I 
(fig.  6J  eqnal  to  tha  arc,  t  \.  a*  the  extremity,  ■,  of 

.  ,r.  n  i .  equal  td  the  width, 
i  i.  m,  which  will  give  the  mean  inclination  of  the 
iireeponding  to  the  pitch  circle.    Thaa  i 
to  the  arc  ii.  rectified,  and  I»J  eqnal  to  the  arc.  ee',  rectified, 
which  will  give  the  inclinations,  1. 1  and  i.  •'.  of  the  beliet  - 
through  the  extremity,  i,  of  the  tooth,  and  the  line,  (,  of  junction 
of  the  tooth  to  the  web. 

It  will  be  understood  that  the  helices  of  the  pinion-teeth  will 
inclination  as  those  of  the  .-pur-wheel  teeth,  with 
which  it  is  in  gear,  and  the  helical  pitch  is,  in  consequenc 
ant ;  for,  I  rmaller,  and  the  corresponding  proportional 

formula  becomes  a  a  > 

The  motion  of  wheel-work,  constructed  according  to  the  helical 
trkably  smooth,  and  free  from  vibratory  action,  but 
it  has  the  defect  of  producing  a  longitudinal  pleasure  Upon  the  axis. 
from  the  obliquity  of  the  surfaces  of  contact  to  the  plane  of  rota- 
tion. This,  however,  may  be  obviated,  and  the  longitudinal  action 
balanced,  by  making  the  wh(  that  is.  as  if  two  wheels, 

■  in  each  axis,  a  the  inclination  of  the  helices 

D   Contrary   directions,   or   right   and   left   handed. 

though  duplex,  neednol  be  wider  or  thicker,  in  proportion, 
pie  dues;  for  the  arrangement  would  permit  of  a  much 

obliquity  of  the  teeth,  the  only  limit,  indeed,  to  thi 

being  th  jam,  which  would  arise  wen  tin-  inclination 

very 

When  the  whei  1-  are  pla  >  d  "ii  a\.s  which  are  inclined  to  each 

'■ther,  as  iii  common  bevil-wheale,  the  helices  become  such  as  are 

-,  and  require  to  be  drawn  in  the 

manner  aln-oly  shown   174),  the  form  of  the  tooth  being  previously 

d.  termined,  for  each  ■  nd,  by  means  of  the  developed  plains  of  the 

■ 

oi  1  and  involute  and  their  various  combina- 

ther  and  more  complex  curves  have  at  different  tin 

i  :"ur  the  forms  ■■!  wheel  teeth.     The  most  worth]  of 

ii  that  derived  front  th  i"  curve, 

tha  properties  "f  which  have  lately  bean  investigated  in  a  very 

manner  In     I  9   bool    at 

Constantii 

If  a  couple  of  discs,  with  their  piteh  circlet  touching,  I 

..•■  nt  a  rate  proportionate  to  the  required  number  of  !■  1 1 1 1 

in  eat  h.  a  point  may  bt  in 


in  such  a  manner  that  it  will  describe  the 

: 

teeth  all  -  made  to  tr..  •  hour- 

-im'dkr  to  th  ■■ 

nt   in  Watt's  a,  and  also  exhil'ited  by  the 

vibration  of  a  straight  I  ?!iickDeas. 

inventoi  I  >n.   Tlie 

ITS  to  be.  that  whilst  ai 

is  made 

or  passage  from  one  curve  to  the  other,  occurring 

dselywl  ddotharwiaal        I  ur-glass" 

■  urve    |  I  "-  analytic  ■  tire  out- 

line of  the  wh<  el.  thereby  avoiding  all  sudden  tr 
outline,  at  the  same  time,  allowing  of  the  interchange,  in  any  way, 
of  win  els  of  the  same  pitch. 

>  tness  and  nicety  obtainable  by  and  called  for  in 
• 

!  the  practical  engineer 
and  machinist  will  not  be  at  the  tron 
doidal  "r  involute  curves,  but  contents  himself  with  arcs  I 

approximating  pretty  i 

puratt  d  in  determining  the  bist  proportions  for  the  radii 
substitutive  arcs  is  as  follow-  or  thin  boards 

are  cut  to  the  curvature  of  the  piteh  circle  and  generatii 
respectively,  of  tha  wheel,  the  shape  of  •■• 

:  carries  a  point  which  is  made  to  describe 
the  outline  of  the  tooth  on  an  additional  board,  by  rolling  its  edge 
on  that  of  the  piteh  tempi.-  B  finds  by  trial 

with  a  pair  of  compasses,  a  centre  and  radius  which  will 
arc  agreeing  as  needy  as  possible  with  tin  I   by  tin 

templet.  Through  the  centre  thus  found  he  describes  a  circle 
concentric  with  the  pitch  circle,  and  in  which  the  centres  for  the 
arcs  of  all  the  teeth  wdl  obviously  lie,  and  retaining  the  radius,  he 
Bb  pi  from  tooth  to  tooth  in  lioth  directions,  until  all  the  teeth  are 
:  ■ .tit  - 

I  ingestions  and  w. u  iu\  ■  nt.  d  some  years  ago 

li\  Professor  Willis,  which  n  thit  preliminary 

in  for  obtaining  tht  radii  and 
0  raph,nianO«  !.  and  is  found  to  give 

Dent  forms  of  teeth.     Its  applioal 

trnment   has  a  certain  inclii 
.    which   i*   t'n   '  incida   with   a   radius   of  the 

wheel,  whilst  its  point  of  intersection  with  the  first  i>  phot  1  in  the 

pitch  ei.  rat  tht    direetioii  in  which  the 

c.  ntre-  lie,  whilst  tht  lei  gtht  of  the  ra.lii  are  obtained  from  tables 
1  for  tha  purpose,  Indicating  tbi   i  I  mccs  on 

I  .tch  and 

number  of  teeth. 

Ii  with  teeth  formed  aocoj 

ig  whh  li 

the  area  an  di  termined  according  to  other  rah  s. 

■  tht  exphnationa  given,  and  m! 
down  iii  tht  student  should  be  quite  compc- 
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tent  to  design  practical  arrangements  and  combinations  oi' toothed 
gear  according  to  whichever  of  the  systems  may  be  preferred. 


CONTRIVANCES   FOR   OBTAINING   DIFFERENTIAL 
MOVEMENTS. 

THE  DELINEATION  OF   ECCENTRICS  AND  CAMS. 
PLATE  XXV. 

234.  Eccentrics  and  cams  are  employed  to  convert  motion, 
whilst  toothed-wheel  work  is  for  the  simple  transmission  of  it. 

Endued  themselves  with  a  continuous  circular  movement,  they 
are.  so  constructed  as  to  give  to  what  they  act  upon,  an  alternate 
rectilinear  movement,  or  an  alternate  circular  movement,  as  the 
case  may  be,  the  motion  so  produced  being  obtainable  in  any 
desired  direction. 

CIRCULAR   ECCENTRIC. 

235.  There  are  several  descriptions  of  eccentrics.  The  sim- 
plest and  most  generally  employed,  consists  of  a  circular  disc, 
completely  filled  up,  or  open  and  with  arms,  according  to  its  size, 
and  made  to  turn  in  a  uniform  manner,  being  fixed  on  a  shaft 
which  does  not  pass  through  its  centre.  Such  eccentrics  are  repre- 
sented in  Plate  XXNIN. 

The  stroke  of  such  a  piece  of  mechanism  is  always  equal  to 
twice  the  distance  of  its  centre  from  that  of  the  shaft  on  which  it 
turns  ;  that  is  to  say,  to  the  diameter  of  the  circle  described  by  its 
centre  during  a  revolution  of  the  shaft.  The  motion  of  the  piece 
acted  upon  is  uninterrupted  during  either  back  or  forward  stroke, 
but  it  is  not  uniform  throughout  the  stroke,  although  that  of  the 
actuating  shaft  is  so ;  the  velocity,  in  fact,  increasing  during  the 
first  half  of  the  stroke,  and  decreasing  during  the  second  half. 

HEART-SHAPED   CAM. 
Figure  1. 

236.  When  it  is  required  to  produce  an  alternate  rectilinear 
motion  which  shall  be  uniform  throughout  the  stroke,  the  shape  of 
the  eccentric  or  cam  is  no  longer  circular ;  it  is  differentially 
curved,  and  its  outline  may  always  be  determined  geometrically 
when  the  length  of  the  stroke  is  known,  together  with  the  radius 
of  the  cam,  or  the  distance  of  its  centre  from  the  nearest  point  of 
contact. 

An  example  of  this  form  of  cam  is  represented  in  the  figure. 

Let.  a  a'  be  the  rectilinear  distance  to  be  traversed,  and  o,  the 
centre  of  the  shaft  on  which  the  cam  is  fixed,  it  is  required  to 
make  the  point,  a,  advance  to  the  point,  a,  in  a  uniform  manner 
during  a  semi-revolution  of  the  shaft,  and  to  return  it  to  its  original 
position  in  the  same  manner  during  a  second  semi-revolution. 

With  the  centre,  o,  and  radii,  o  a,  and  o  a',  describe  a  couple  of 
circles,  and  divide  them  into  a  certain  number  of  equal  parts  by 
radii  passing  through  the  points,  1,  2,  3,  4,  &c.  Also  divide  the 
length,  a  a,  into  half  as  many  equal  parts  as  the  circles,  as  in  the 
points,  1',  2',  3',  &c.  Describe  circles  passing  through  these 
points,  and  concentric  with  the  first.  These  circles  will  succes- 
sively intersect  the  radii,  o  1,  o  2,  o3,  &c,  in  the  points,  b,  c,  d,  <>, 
&c,  and  the  continuous  curve  passing  through  these  poiuts  will 


be  the  theoretical  outline  of  the  cam,  which  will  cause  the  point, 
«,  to  traverse  to  a',  in  a  uniform  manner,  for  the  equal  distances, 
a'V,  1'2',  2' 3',  &c,  passed  through  by  the  point,  a,  correspond 
in  succession  to  the  equal  angular  spaces,  a  1,  1 — 2,  2 — 3,  &c, 
passed  through  by  the  cam  during  its  rotation. 

As  it  is  not  possible  to  employ  a  mathematical  point  in  prac- 
tice, it  is  usually  replaced  by  a  friction  roller  of  the  radius,  a  i. 
which  has  its  centre  constantly  where  the  point  should  be  ;  and  it 
will  be  seen,  that  in  order  that  this  centre  may  be  made  to  travel 
along  the  path  already  determined,  it  will  be  necessary  to  modify 
the  cam,  and  this  is  done  in  the  following  manner: — With  each  of 
the  points,  b,  c,  d,  &c,  on  the  primitive  curve  as  a  centre,  describe 
a  series  of  arcs  of  the  radius,  a  i,  of  the  roller,  and  draw  a  curve 
tangent  to  these,  and  such  curve  will  be  the  actual  outline  to  be 
given  to  the  cam,  B. 

It  will  be  seen  from  the  drawing,  that  the  curve  is  symmetrical, 
with  reference  to  the  line,  a  e,  which  passes  through  its  centre  ; 
in  other  words,  the  first  half  which  pushes  the  roller,  and  conse- 
quently the  rod,  a,  to  the  end  of  which  the  roller  is  fitted,  from 
a  to  a',  is  precisely  the  same  as  the  second  half,  with  which  the 
roller  keeps  in  contact  during  the  descent  of  the  rod  from  a  to  a. 
Thus  the  regular  and  continuous  rotation  of  the  cam,  p.,  produces 
a  uniform  alternate  movement  of  the  roller,  and  its  rod,  A,  which 
is  maintained  in  a  vertical  position  by  suitable  guides. 

In  actual  construction,  such  a  cam  is  made  open,  and  with  one 
or  more  arms,  like  a  common  wheel,  or  filled  up,  and  consisting  of 
a  simple  disc,  according  to  its  dimensions ;  and  it  has  a  boss,  by 
means  of  which  it  is  fixed  on  the  shaft.  When  it  is  made  open, 
it  is  cast  with  a  crown,  of  equal  thickness  all  round,  and  strength- 
ened by  an  internal  feather,  curved  into  the  boss  at  one  side,  and 
into  the  arm  or  arms  at  the  other. 

Examples  of  the  heart-shaped  cam  are  found  in  an  endless 
variety  of  machines,  and  particularly  in  spinning  machinery. 

cam  for  producing  a  uniform  and  intermittent  movement. 
Figures  2  and  3. 

In  certain  machines,  as,  for  example,  in  looms  for  the  "  picking 
motion,"  cases  occur  where  it  is  necessary  to  produce  a  uniform 
rectilinear  and  alternate  motion,  but  with  a  pause  at  each  ex- 
tremity of  the  stroke.  The  duration  of  the  pause  may  be  equal 
to,  or  greater,  or  less,  than  that  of  the  action.  Fig.  2  represents 
the  plan  of  a  cam  designed  to  produce  a  movement  of  this  descrip- 
tion ;  and  in  this  case  the  angular  space  passed  through  by  the 
cam,  in  making  the  point,  a,  traverse  to  the  position,  a ,  is  supposed 
to  be  equal  to  half  the  angular  space  described  by  it,  whilst  the 
point,  a,  is  stationary,  ivhether  in  its  position  nearest  to  the  centre, 
or  its  furthest,  a',  from  it.  For  this  reason,  the  circles  of  the 
radii,  o  a,  and  o  a  are  each  divided  into  six  equal  parts  in  the 
poiuts,  a',  1,/,  g,  h,  and,/.  Of  these  portions,  the  two  opposite, 
1  f  and  jh,  correspond  to  the  eccentric  curves,  5/ and  /  h,  which 
produce  the  movement,  whilst  the  other  portions  correspond  to  the 
pauses. 

After  having  drawn  the  diameters,  1  /;,  and /J,  the  eccentric 
curves,  bf,  and  Ih,  are  determined  in  precisely  the  same  manner 
as  the  continuous  curve  already  discussed,  and  represented  in  fig. 
1.     That  is  to  say,  the  arcs  If,  anijli,  are  to  be  divided  into  a 
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certain  nuu.U  I 

into  a  like  nun 

re  to  be  draw  i 
which  will  U-  intersected  in  thi 

n  will  bo 
and  Ik. 

which   unite  the  ex': 
carve*,  are  concentric  with  the  shaft,  and  consequently,  u 

the  point  ;''  with- 

out motion,  although  the  cam  itself  «.-■  -tit iii i - 

•  x  am  pie 
of  a  cam,  applies  equally  to  the  DM,  C,  and  n— that 

is,  with  regnrd  to  the  actual  shape  to  be  given  to  it.  which  il 

-ul.-titiition  of  s  friction  roll  r  of  the  radius,  a  i.  for  the 
mathematical  ]  -n  is  fully  indicated  on  the 

diagram. 

This  eooentri  I  t  o  overcome  any  great 

t,  a  considerable  portion  of  tin-  mi  I 
cut  away,  and  merely  a  couple  of  anus  left   for  stiffness.      The 
Crown,  amis,  and  a   gl  in   Out.  all  of  a 

■a,  as  will  be  more  plainly  seen  in  fig.  .'1.  which  ii  simply 
i  made  through  the  line,  1  —  2.  in  ti,;.  '-'.   Fig.  3  also  shows 
the  prop i  i  nd  its  spindle. 

When  the   moving  point,  or  the   roller,  is  constrained  to  move 

through  an  arc.  instead  of  a   ,-tr.iight    line,  being,  fur  example,  al 

II  it. >rv  b-v.  r,  the  cm  i  are  no  longer 

;..  ration*  by  which  they  are  determined  are 

still  the  same,  the  difference  arising  from  the  divisions  of  the  arc. 

which  takes  the  place  of  the  straight  line, 

I  BIAKOCLi  B     CAH, 

I  I  AST)  .''. 

238.   A  in,  iii  the  form  of  a  curvilinear  equilateral 

triangle,  is  sometimes  employed  in  the  steam-engine,  to  gi 
tion  to  the  slid  iron,  of  a 

rectangular  form,  as  at  t,  figs.  A  ami  i .  It  is  boll, .wed  out  in 
its  inner  side,  to  form  a  passage,  and  it  applies  itself,  with  its  inner 
planed  edges,  to  a  surface,  ab,  on  the  cylinder,  D,  also  planed 
true,  and  cnlled  the  vol  I      tun.  tion  i-  t,,  allow  the  steam 

to  pass  alternately  to  the  upper  part  of  the  cylinder,  by  the  port. 

.'.  or  to  the  lower  part,  by  the  port,  '/.  wliil.-t    the   hollow  part  of 

the  valve  forms  a  communication  alternately  between  either  of 

tpe  pipe,  i .     To  obtain  the  desired 

effect,  it  that  the  slide  valve  be  actuated  with  an  alter- 

•  iry  movement ;  for  tins  pot  i 

• 

the  valve  easing,  and  connected  to  the  rod,  ».  represented  in  fig. 

i .  inside, 
which  work-  the  triangular  cam,  a. 

It  i -  effect  the  raising  and  lowering 

of  thi  valve  ■  certain  distance  ami  intermittently,  in  such  a  man 

opt  n  to  the  entering 
steam  for  a  certain  time,  whilst  th.-  other,  </.  i«  in  communication 
with  t  illy, 

I  ■  ■  : 

through  which  it  traverses ;  with  .th  nd  with  this  dis- 


■ .  for  a  radius,  describe  a  i 
equal  par  '.  and  5.     With  any  ti 

and  <>  I,  so  as  to  form  the  curvilii 

Itraw  :  '  ■  o  sides 

of  the   tl  dl  thus  obtain  the  D] 

internal 

M  the  two  sides  of  the  frame, 
r,  which  bear  upon  it.     It  is  adjusted  and  ••■*««»- 

bolt,  ft,  \  as  shown  in  the  hori- 

.  the  line,  5-   I 
It  will  be  easily  conceived,  thai  if  the  shaft  turns  in  t! 

IS  arrow,  th.  ,  I,  of  the  cam,  acting  against 

:rame,  will  ca  irrying  with  it 

the  rod,  h,  in  such  a  manner,  that  when  tl  .11  have 

!1  have  made  a 
sixth  of  a  revolution,  this  side  of  the  frame  will  . 

to  a  di.-tance  equal  to  I 
tl,  is  uncovered,  so  as  to  alio 

of  the  cylinder  (fig.  S  ;  whilst,  on  the  other  hand,  a  communica- 

.n.l  the  escape  orifice, 
I.,  so  that  the  steam  can  pass  out  from  the  I  •■  cylin- 

der.      If  the  movement  of  the  cam  I 

sixth  of  a  revolution,  the  slid  m  tin  in  the  same  posi- 

tion, because  the  arc,  1 — 'J,  which  is  concentric  with  the  U 
m.t  change  the  position  of  the  frame,  as  long  as  it  is  in  contact 

with  its  side,  '■•  ".     As  i however,  v-  :  the  cam 

reaches  the  position,  r,  the  side,  u  1,  will  be  in  tl 

and  it  will,  in  i  ntaet  with  tl 

the  frame,  which  is  i:.  borisootal  centre-line. 

3 — 4.    llie  farther  revolution  of  the  cam.  there! 

frame  descend  from  it- 

<.  l.  of  the  can 

the  tram.-  will  occupy  the  ,  .-  to  the 

position  of  tli. 

It  follow-  from   tin-  t,   that  the  valve  will  remain 

■\  when  it  am.  ■  i  einity  of  its  stroke,  and  the 

pause  each  time  will  be  of  a  durati. 

of  a  revolution   of  the  cam  shaft.      Tin-   upward  and  downward 
ring  a  third  of  a  revolution,  and  the 

velocity  of  the  valve  will  not  be  uniform,  although  the  n 

i-  so.      In  actual  construction,  the  angle-   of  the 
cam   an-  slightly   rotU)  I  Idea   change  of 

uioti ami  to  pr.  \.  nt  the  too  rapid  xvear  of  the  side*  of  the  frame. 

i  \  \  .-  ! 

M'    7. 

in-trunient  II  empl 
pasmdiruj,,  crashing,  and  reducing  substances,  such  as  plaster  or 
tanbark,  for  example,  in  which  the  dii 

of  the  instrum.  nt  it-elf  brought    into  play  i 

a  determined  I 

known  working  application  ofthii 
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In  these  cases,  the  stamp,  or  hammer,  has  to  he  raised  or  tilted 
up  preparatory  to  each  succeeding  stroke,  and  it  is  obvious  that 
this  may  be  most  economically  done  in  a  gradual  manner.  It  is 
generally  effected  by  a  cam,  the  outline  of  which  is  the  involute 
curve  already  described  ;  this  form  being  preferable  on  account  of 
the  uniformity  of  its  action. 

The  office,  then,  which  the  cam  under  consideration  has  to 
fulfil,  is  the  raising  of  the  stamp,  or  load,  to  a  certain  height,  and 
then  the  letting  it  fall,  without  impediment,  upon  the  object  sub- 
mitted to  its  action. 

The  diameter  of  the  cam-shaft  being  predetermined,  as  well  as 
that  of  the  generating  circle,  which  last  is  usually  the  same  as  that 
of  the  boss  of  the  cam,  the  design  is  proceeded  with  as  follows: — 

Letting  A  be  the  cam-shaft,  and  taking  A  o  as  the  radius  of  the 
generating  circle,  whilst  ad  is  the  height  to  which  the  projection, 
c,  fig.  (n),  formed  on  the  stamp,  c,  is  to  be  raised,  develop  the 
circumference  (197)  of  the  circle  of  the  radius,  A  o,  by  means 
of  a  series  of  tangents  which  give  the  points,  c,  d,  c,  &c  ,  the  curve 
passing  through  which  forms  the  involute,  bfi.  The  inner  por- 
tion, bo,  is  not  a  continuation  of  the  involute,  but  simply  joins  the 
boss  with  a  circular  turn,  because  the  stamp  projection,  B,  does 
not  approach  the  cam-shaft,  A,  nearer  than  the  point,  a,  to  which 
b  corresponds.  Through  the  point,  a,  draw  the  vertical,  a  a,  and 
make  it  equal  to  the  height  to  which  the  stamp  has  to  be  raised ; 
then  with  the  centre,  A,  and  a  radius  equal  to  A  a',  describe  the 
arc,  a'  m  i,  which  will  cut  the  involute  in  the  point,  ?',  and  this 
point  is  consequently  the  outer  limit  of  the  cam.  A  little  con- 
sideration will  show  that  if  the  cam-shaft,  A,  be  turned  in  the 
direction  of  the  arrow,  supposing  that  it  is  originally  placed,  so 
that  the  point  5,  coincides  with  a,  it  must  necessarily  raise  the 
lifting-piece,  B,  the  lower  side  of  which  is  indicated  by  the  line, 
ma,  and  will  carry  it  by  equal  increments  up  to  the  position,  m'af. 
The  point,  i',  will  then  have  attained  the  position,  a,  and  the  rota- 
tion continuing,  the  next  moment  it  will  pass  it,  when  the  cam  will 
be  entirely  clear  of  the  lifting-piece,  B,  and  this  last  being  unsup- 
ported, must  fall  by  its  own  weight. 

The  involute  might  have  been  derived  from  a  generating  circle 
of  the  radius,  Art,  and  had  this  radius  been  adopted,  the  resulting 
curve  would  have  been  shorter,  notwithstanding  that  it  would  give 
the  same  extent  of  lift.  The  angular  space  passed  over  would 
also  be  less,  and  this  would  admit  of  a  higher  velocity  of  the  cam- 
shaft, and  the  strokes  might  be  given  in  more  rapid  succession, 
whilst  on  the  other  hand,  a  greater  power  would  be  required  to 
raise  the  same  weight. 

The  cam  we  have  represented  in  fig.  ®,  is  such  as  is  employed 
to  actuate  the  chopping  stamp  of  mills  for  reducing  oak,  or  other 
bark,  for  the  preparation  of  tan.  The  bark  is  placed  in  a  kind  of 
wooden  trough,  E,  solidly  fixed  into  the  floor.  The  stamps  are  armed 
with  a  series  of  cutters,  n,  in  the  form  of  crosses.  The  side  of  the 
trough  next  to  the  stamp  is  vertical,  whilst  the  opposite  side  is 
elliptical  in  shape,  and  the  matter  under  operation  has,  consequently, 
always  a  tendency  to  fall  under  the  stamp.  The  stamps  are  kept 
vertical  by  slides  in  which  they  work.  They  are  generally  from 
450  to  700  pounds  weight,  and  fall  through  a  height  of  from  1G  to 
20  inches. 

Fig.  7  is  a  plan  of  the  cam  as  seen  from  below,  and  fully  indi- 


cates the  width  of  the  rim,  and  of  the  boss,  and  the  thickness  of 
the  feather  or  disc  uniting  the  two. 

A  series  of  such  cams  are  frequently  employed  in  different 
planes  on  the  same  shaft,  actuating  a  corresponding  series  of 
stamps,  and  in  such  case  they  are  arranged  in  steps  so  as  to  come 
into  action  one  after  the  other.  Two  or  more  are  also  sometimes 
employed  in  the  same  plane,  and  working  a  single  stamp.  In  this 
latter  case,  the  generating  circle  requires  to  be  of  much  larger 
diameter  in  proportion,  but  the  principle  of  construction  is  how- 
ever the  same. 

cam  to  produce  intermittent  and  dissimilar  movements. 
Figures  8  and  9. 

240.  In  certain  examples  of  steam  engines,  the  valve  movement 
is  obtained  from  a  species  of  duplex  cam,  which  being  formed  of 
two  distinct  thicknesses,  affords  a  means  of  adjustment  whereby 
the  valve  may  be  made  to  move  intermittently  and  at  different 
rates,  the  proportions  of  which  are  variable  at  pleasure.  The 
object  of  this  is  to  form  and  shut  off  the  communication  between 
the  cylinder  with  the  steam-pipe,  at  any  required  point  of  the 
stroke.  In  other  words,  the  arrangement  permits  of  the  working 
of  the  machine  on  the  expansive  principle,  and  of  varying  the 
"  cut-off"  point  at  pleasure  within  certain  limits.  We  shall  see, 
at  a  more  advanced  period,  what  is  to  be  understood  by  the  fore- 
going expressions.  In  designing  cams  of  this  class,  we  primarily 
determine  the  radius  o  a,  of  the  cam  boss,  and  the  entire  length, 
be,  of  the  stroke  to  be  given  to  the  valve-rod.  This  distance, 
which  in  the  present  instance  we  shall  take  as  equal  to  three  times 
the  height  of  the  port,  must  not  be  traversed  at  one  movement. 
On  the  contrary,  a  third  only  of  this  is  at  first  passed  through, 
with  some  rapidity,  and  the  remaining  two-thirds  are  traversed  at 
a  later  period,  in  a  continuous  manner  :  in  other  words,  after  a 
third  of  the  stroke  has  been  traversed,  a  slight  pause  takes  place 
before  the  remainder  is  traversed,  and  a  second  pause  also  occurs 
before  the  commencement  of  the  return  stroke. 

After  describing  a  couple  of  concentric  circles  with  the  respec- 
tive radii,  o  a,  and  o  c,  and  having  determined  the  angular  spaces, 
a  d,  and  fg,  corresponding  to  the  times  during  which  the  valve  is 
to  remain  stationary,  and  the  spaces,  g  h,  and  ef,  corresponding  to 
the  duration  of  the  movements ;  divide  the  whole  stroke,  be,  into 
three  equal  parts  in  the  points,  i,j,  through  which  describe  circles 
concentric  with  the  preceding.  Through  the  points,  f,g,Ii,  draw 
radii,  and  produce  them  to/;  g ,  and  h' . 

As  the  cam  will  act  on  two  friction  rollers,  G,  diametrically 
opposite  to  each  other,  their  radius  is  determined,  aso«;  one  is 
drawn  with  its  centre,  e,  on  the  radius,  o  a  produced,  and  tangen- 
tial to  the  circle  described  with  that  radius ;  the  other,  with  its 
centre,  e,  on  the  radius,  oe  produced,  is,  in  like  manner,  tangential 
to  the  circle  described  with  this  radius. 

Between  the  two  points,  d  and  k,  and  comprised  within  the 
given  angle,  gob,  a  curve,  kid,  is  drawn  and  united  by  tangential 
arcs  at  either  extremity  with  the  circles  of  the  radii,  a  o  and  o  i, 
respectively,  in  such  a  manner  as  to  avoid  any  sudden  change  of 
dh-ection.  Next  divide  the  arc,  g  h,  into  a  certain  number  of  equal 
parts  in  the  points,  1,  2,  &c,  and  eirry  the  radii  across  to  1',  2',  &c. ; 
then,  on  each  of  these  radii,  as  a  centre  line,  describe  an  arc  cor- 
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retpood.  us  of  the  roller,  <;,  and  tangential  to  the 

curve,  X-  I  </.      By  this  means  will  be  obtained  the  [mints,  r, «,  /, 
indicating  the  *ucce»sive  position*  of  the  centre  of  the  I 

am,  kid.     If,  then,  starting 
from  these  several  points,  we  nun- 
lines,  1  distances  oq 
constant,  we  shall  obtain  the  • 

these  points,  r,  t,  I,  a-  -  of  the 

roller,  and  draw  the  curve,  d  .1  to  then,   and  unite 

in  a  similar  manner  to 
the  opposite  curve.      The  cur  from  its 

constru.  •  ,  whil.-t  the  first.  <i7Z\ 

is  in  contact  with  the  other  roller,  <■■ 

In  ordai  tli.it  the  R  IJ  m.iintain  their  relative  po- 

sition, and  mn  in  the  same  rectilinear  direction,  they  arc  carried 
in  bearings,  11,  forming,  with  four  tierods,  I,  a  frame  which  em- 
braces the  cam  and  cam  shaft,  the  middle  of  the  rods  being  planed 
lide  upon  the  latter. 

To  one  end  of  the  frame  i.-  I  i-iron  connect! 

a,  jointed  to  the  bell-crank  lever.  K.  Thil  last  vibrates 
on  the  centre,  u,  and  by  its  second  arm  actuates  the  link,  r,  con- 
nected to  the  rod,  B,  Of  the  valve  T.  fig.  i.  abuve.  In  th-  | 
L-iven  to  the  cam  and  roller  frame,  in  fie;.  8,  the  valve  is  not  cover- 
ing the  uppir  part.  <•',  and  this  remains  open  whilst  the  cam  ro- 
tates through  the  angle,  a  o  </,  because  the  arc.  <i  tl.  and  its  oppo- 
site, .  <1,  are  both  concentric  with  the  axis  of  the  earn  theft,  0. 

Win  n.  bowew,  thl   pom)  U  have  arrived  at  the  i 

iag  the  cam  theft    to  continue  to  turn  in  the  direction  of 
the  arrow,  the  cam  will  shortly  peee  through  ■■  9,  and 

the  projecting  curve,  tl  II:.  will  path  the  roller,  a,  to  the  right,  and 
the  opp  Irawn  in  the  Mine  din  ction,  will  r. -11 

along  the  corresponding  curve,  dig.    This  movement  will  ceote 
the  valve  to  be  raised  to  the  extent  of  a  third  of  its  stroke,  cor- 
ng  exactly  to  the  width  of  tl  I  -.is  port  will,  in 

fact,  be  compl'  I 

have  reached  the  position,  p  e.    At  this  point,  the  valve  is  required 
to  remain  stationary  for  a  short  time,  during  which  the  cam,  in 
continuing  to  revolve,  deectihet  the  eagle, ;/  of.     As  toon,  how- 
:  he  radius,  o/,  reach'  the  valve,  audits 

actuating  gear,  will  again  move,  and  continue  to  do  to,  until  the 
lower  port,  c5,  be  compl.  t(  ly  open.   Thil  movement  will  t ... 
whilst  the  cam  describes  the  angle,  fot,  and  U  ceased  by  the 
curve,  <r /.  .-',  which  pnehei  the  roller,  o,  ami  the  fnune  still  further 

to  the  right.     The  curve.  ./  I.'  •■ .  i-  united  by  a  gradual  turn  to  the 
circles  of  the  radii,  0  >-■  and  OC,    in  the  same  meaner  a>  tl 

ly  drawn.      The  opposite  and  UUIieeponding  curve,  a  m  h, 
is  obtained  in  the  same  manner  as  <l 

from,  t!  .Ilk.    The  operations  in  both  cases  are  fully 

indicated  on  the  diagram,  and  it  has  merely  to  be  borne   in  mind 
that  the  object  is  to  k  In  contact  with 

the  cam  In  ■  ■  the  latter. 

the  cam  has  passed  through  the  ei 
with  it-  .  stationary  during  another  interval,  in  which 

':.  and  then  the  first   curve   \> 
roller,   «.',  and  cau«e  it,    with  the  I 


return  i'i  entente  and  interval*  will  take 

place  in  the  same  order  as  to  time  as  in  the  upstroke  of  the  valve 

:.  tail ;   but  the  direction  will  be  reversed— 

the  valve  will  ;  ;ntil  it  reaches 

:.ou,  as  represi 

■ 

U,  and  laid  upon  on. 
as  m  and  ■  ■>".  while!  tl 

M',  is  c»; 

be  in  contact  w 
it  will  follow  they  will,  in  n- 
that  half  of  the  cam  which  projects  most  at  that  particu! . 

to  action  so. 
• 
pipe  and  the  cylinder  at  an  earlier  \  In  this 

miene  of  varying  the  rate  of  expansion  at 
which  the  engine  is  » 

is  a  hotieontel  '  he  two  halves,  m  m',  of 

!■  tails  of  thl 

u  I  frame,  it  i. 

uce  of  a  steam-engine  cylin- 

;'Orts. 

An  innumerable  variety  of  movements  may  be  produced  by  the 

i  cams  ;  but  the  principles  of  their  construction  arc  mostly 

\amples  given  will  be 

a  sufficient  guide  in  designing 
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241.  To  work,  oonaidi  re  1  in  the  ■  ■  during 

■ay  .-.  rtain  p.  riod  of  time,  a  contin  . 

■■nice*.      Than,   to  tile,  to  saw,  to  plane,  to  draw 
burdens,  is  to  work,  or  produce  mechanical 

inical  work  is  I  pie  action  of  a  force 

upon  a  resistance  which   is  directly  op| 1  to  it.  and  which   it 

continiiou.-lv  destroys,  giving  motion  in  that  direction  to  t 

of  application  of  the  •  thle  definition, 

that  the  mechanical  work  or  effect  of  any  motor  is  the  product  of 
two  in- i  or  terms  : — 

space  ps&tcd  through   in  a  given  time,    or   the 
velocity. 

ount  of  mchanical  work  increases  directly  as  the 
of  eitln  :  I,  and  in  the  proportion  compound' 

I  both  increase.      If.  for  example,  the  pressure  BSI 
equal  to  4  lbs.,  and  tip  the  amount  of 

work  will  be  expressed  by  4  X  1  =  4.      If  the  velocity  be  double, 
the  work  become*  4  X  -  =  s.  01  double  also ;  and  if,  with  the 
!.  the  pressure  be  doubled   as 
well     that  is.   t  the  work  will  be,  8  X  2  =   16,  •  r 

the  qnadmpli  el  amount. 

In  the  term  ■'  velocity,"  "  r-tood;  so  that,  in  fact, 

just  as  space  or  soli. lit  dimen- 
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sions,  length,  breadth,  and  depth,  so  also  is  mechanical  effect 
defined  by  the  three  terms  representing  pressure,  distance,  and 
time.  This  analogy  gives  rise  to  the  possibility  of  treating  many 
questions  and  problems,  relating  to  mechanical  effects,  by  means  of 
geometrical  diagrams  and  theorems. 

The  unit  of  mechanical  effect  (corresponding  to  the  geometrical 
cubical  unit)  adopted  in  England,  is  the  horse  power,  which  is 
equal  to  33,000  lbs.  weight,  or  pressure,  raised  or  moved  through 
a  space  of  1  foot  in  a  minute  of  time.  The  corresponding  unit 
employed  in  France  is  the  kilogrammetrc,  which  is  equal  to  a 
kilogramme,  raised  one  metre  high  in  a  second.  Thus,  supposing 
the  pressure  exerted  be  20  kilog.,  and  the  distance  traversed  by 
the  point  of  application  be  2  metres  in  a  second,  the  mechanical 
effect  is  represented  by  40  k.  m. ;  that  is,  40  kilog.,  raised  1  metre 
high.  This  unit  is  much  more  convenient  than  the  English  one, 
from  its  lesser  magnitude.  Indeed,  when  small  amounts  of  me- 
chanical effect  are  spoken  of  in  English  terms,  it  is  generally  said 
that  thev  are  equal  to  so  many  pounds  raised  so  many  feet  high. 
That  is  to  say,  this  takes  place  in  some  given  time,  as  a  minute, 
for  example.  The  time  must  always  be  expressed  or  understood. 
It  is  impossible  to  express  or  state  intelligibly  an  amount  of 
mechanical  effect,  without  indicating  all  the  three  terms — pressure, 
distance,  and  time.  It  is  to  the  losing  sight  of  this  indispensable 
definition,  that  we  may  attribute  the  vagueness  and  unintelligibility 


of  many  treatises  on  this  subject.  The  French  engineers  make 
the  horse  power  equal  to  75  kilogrammetres ;  that  is,  to  75  kilog., 
raised  1  metre  high  per  second. 

The  motors  generally  employed  in  manufactures  and  industrial 
arts  are  of  two  kinds — living,  as  men  and  animals  ;  and  inanimate, 
as  air,  water,  gas,  and  steam. 

The  latter  class,  being  subject  only  to  mechanical  laws,  can 
continue  their  action  without  limit.  Thi3  is  not  the  case  wit!) 
the  first,  which  are  susceptible  of  fatigue,  after  acting  for  a  certain 
length  of  time,  or  duration  of  exertion,  and  require  refreshment 
and  repose. 

What  may  be  termed  the  amount  of  a  day's  work,  producible 
by  men  and  animals,  is  the  product  of  the  force  exerted,  multiplied 
into  the  distance  or  space  passed  over,  and  the  time  during  which 
the  action  is  sustained.  There  will,  however,  in  all  cases,  be  a 
certain  proportion  of  effort,  in  relation  to  the  velocity  and  duration 
which  will  yield  the  largest  possible  product,  or  day's  work,  for 
any  one  individual,  and  this  product  may  be  termed  the  maximum 
effect.  In  other  words,  a  man  will  produce  a  greater  mechanical 
effect  by  exerting  a  certain  effort,  at  a  certain  velocity,  than  he 
will  by  exerting  a  greater  effort  at  a  less  velocity,  or  a  less  effort 
at  a  greater  velocity,  and  the  proportion  of  effort  and  velocity 
which  will  yield  the  maximum  effect  is  different  in  different 
individuals. 


TABLE    OF    THE    AVERAGE    AMOUNT    OF    MECHANICAL    EFFECT    PRODUCIBLE    BY    MEN    AND    ANIMALS. 


Nature  of  the  "Work. 


A  man  ascending  a  slight  incline,  or  a  stair,  without  a  burden,  his  work 

consisting  simply  in  the  elevation  of  his  own  weight, 

A  labourer  elevating  a  weight  by  means  of  a  cord  and  pulley,  the  cord 

being  pulled  downwards 

A  labourer  elevating  a  weight  directly,  with  a  cord,  or  by  the  band, 

A  labourer  lifting  or  carrying  a  weight  on  his  back,  up  a  slight  incline,  or 

stair,  and  returning  unladen, 

A  labourer  carrying  materials  in  a  wheel-barrow,  up  an  incline  of  1  in  12, 

and  returning  unladen, 

A  labourer  raising  earth  with  a  spade  to  a  mean  height  of  five  feet, 

ACTION  ON  MACHINES. 

A  labourer  acting  on  a  spoke-wheel,  or  inside  a  large  drum. 

At  the  level  of  the  axis, 

Near  the  bottom  of  the  wheel, 

A  labourer  pushing  or  pulling  horizontally, 

A  labourer  working  at  a  winch  handle, 

A  labourer  pushing  and  pulling  alternately  in  a  vertical  direction, 

A  horse  drawing  a  carriage  at  an  ordinary  pace, 

A  horse  turning  a  mill  at  an  ordinary  pace, 

A  horse  turning  a  mill  at  a  trot, 

An  ox  doing  the  same  at  an  ordinary  pace, 

A  mule  do.  do.  

An  ass  do.  do. 


Mean  weight 

elevated  or 

effort  exerted. 


Velocity  or 

distance  per 

second. 


Lbs. 

143 


143 


132 
60 


Feet. 
•50 


•65 
•56 


•13 


•06 
•13 


132 

•50 

660 

26 

2-30 

59-8 

26 

1-97 

51-2 

Hi 

2-46 

43-0 

11 

3-61 

39-7 

154 

2-95 

454-3 

99 

2-95 

292-0 

66 

6-56 

433-0 

143 

197 

281-7 

66 

2-95 

194-7 

31 

2-62 

81-2 

Mechanical 
effect  per 
second. 


71-5 


260 
24-6 


18-6 


8-5 
7-8 


10 
8 
4* 


1  foot  high. 

2,059,200 


561,600 
531,360 


401,760 


306,000 
280,000 


1,900,800 
1,722,240 
1,474,560 
1,238,400 
1,143,360 
16,354,800 
8,409,600 
7,014,600 
8,112,960 
5,607,360 
2,338,560 


It  may  be  gathered  from  this  table  that  a  labourer  turning  a 
-winch  handle  cau  make  its  extremity  pass  through  a  distance  of 
2-46  feet  per  second,  or  60  X  2-46  =  147'6  feet  per  minute. 
Then,  supposing  the  handle  has  13J  inches,  =  1-147  feet  radius, 
which  corresponds  to  a  circumference  of  6-28  X  1-147  =  7-2  feet 


at  the  point  of  application,  the  labourer  is  capable  of  an  average 
velocity  of 

_ —  =  20  turns  (nearly)  per  minute. 
7-2 

Also,  the  same  labourer  exerting  a  force  equal  to  1 7J  lbs.  with 
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iv  of  2  4G  feet  |k.t  tecum],  will  produce  •  mechanical 
ial  to 
17J   X  210  =  43  lis.  r  ur  of 

43  >  adnata,  and 

2580  X  60  =  154,800  lbs.  raised  1  r  hour. 

And  in  lie  can  work  at  this  ft  hours  per  diem,  tin   I 

■  daring  thii  time  will  In-,  a-  le,  equal 

; 

iv  then   calculate   that,  SI  rk,  »  labourer 

winch-handle  can  elevate  in  4 continuous 

lias  only 
to  apply  his  strength  at  intervals  to  a  crane,  a  windlass,  or  a 
capstan,  he  can  develop  a  much  gN  \i  |  few  minutes. 

.\  experiments  tried  in  England  with 

crane,  a  man  can  in  90    r.ii-e  a  load  of   1048  6  lb*,  t"  I  height  of 
Now,  tn  compare  this  with  the  lahnlntftd  quantities, 
1048  6  11-  .  by  the  height, 
ami  divide  the  product  by  the  duration  of  the  action,  or 
tpiotient,  192,  indicates  the  number  of  pounds 
1  foot  high  in  a  second,  to  which  the  meehaoieal  effect  i   • 
It  ins  l n  proved   by  experiments,  thai    ander  t! 

:  bll cireiimstaii.  •  labourer  flf  extra  strength  can. 

•  !i,  raise  to  the  same  height,   16j   feet,  a  load  of 
1 174  IK",  in  132 ",  which  is  equal  to  a  mechanical  effect  of 
1474  x  16-5 


182 


*■=:  184-25  lbs.  raised  1  foot  high  per  second. 


A  man  can  evidently  only  exert  such  a  force  during  a  very 
limited  period;  wo  cannot,  therefore,  compare  this  kind  of  labour 
with   that  which    continues  through    several  consecutive   hours. 

Although  the  l  ity  ai  given  in  the  table  are  th 

most  conveniently  proportioned  to  each  other,  still,  when  the  case 
requires  it.  they  might  be  altered  to  some  extent ;  thus,  if  it  is 
necessary  to  apply  a  force  of  25  lbs.  to  the  extremity  of  the 
winch-handle  instead  of  17*,  then  the  velocity  would  be  reduced, 
and  would  become 
■13 


26 


=  1-72  feet  per  second,  instead  of  2*46. 


It  h  H  I  irom  actual  observations,  that  a  horse, 

going  at  the  respective  rati  -  of  l.  8,  5,  and  10  miles  per  hour, 

cannot    exert   a   greater  tractive  force  than    the    corresponding 

weights,   194,   148,   100,  and  21  Ibe.,  and  cannot  draw  anything 

1  le  when  going  at  the  rate  of  15  miles  per  hour. 

Thus,  when  it  is  wished  to  inert  IBS  the  force  exerted,  I  di 
takes  place  in  the  velocity;  and  reciprocally,  when  il  b wished 
to  gain  time  and  speed,  it  can  only  be  done  at  the  expense  of  the 
load.      Tims,   ill   the   case  of  the   winch-handle,   the   two  factors 
must  always  produce  an  affect  equal  to  48  lbs.  r.ii - •  I   1    | 
per  second,  whatever  ratio  they  may  have  to  each  other. 

In  all  Bases  of  the  direct  action  of  tones.  ■  certain  velocity  is 
I.  for  without  m  it  meat  there  could  not  be  the  action  of 
a  force. 

Then  arc  two  kinds  of  motion— uniform  and  varied  motion. 

I   NtTOBN    MOTIOK.      A   bodj   II    .-lid   to  have  a  uniform 

motion  when  it  passes  through  equal  distances  iii  equal  times. 

Thus,  for  example,  if  a  body  traverses  5  feat  in  (he  Brsl 

6  foe!  ia  •  md  I i  throughout,  its  motion  is  uniform. 


rutting  I)  to  represent  the  distai.  .1  T  the 

'  =  V  X  T,  i 
equal  to  t  dtiplied  by  ti 

I    to   a  uniform 
through  wliat  distance  will  it  liave 
| 

D  =  3  x  18  =  I 

Das  V  X  T,is obtained  Y=  — ; 

that  is  to  say  per  second  is  equal  I 

divided  by  the  time. 

tanee  passed  t:  ■  seconds 

is  45  feet,  what  is  the  velocity  V 

V  =  —  = 
15 

Tlic  wheel-gear  of  machinery,  as  well  as  many  other  instru- 

aetuated  in  a  uniform 

manner. 

244.  Vw::i  |  isses  iii  equal  times 

through  distances  which  augment  oi 

i  uniformly  vai 

The  distance  in  motion  uniformly  vari.  I  Naif  the 

sum  of  the  extreme  velocities  multiplied  by  the  time  in  si 

/      \  1         v.  — What  is  the  distanoe  passed  through  in  4 

seconds  by  a  body  in  motion,  thi  n  k>  ity  of  which  is  •_'   • 
second  at  starting,  and  6  feet  per  second  at  the  termination '! 

+  '•• 
2 

pis.— What  i-  the  distance  passed  thr.e 
seconds  by  a  body  in  motion,  which  at  starting  h 
G  feet  per  second,  but  which  is  gradually  i 

6  •+-  2 

D  =  -~   X  4  =  M  i 

It  will  he  seen  from  these  two  example  -..  that,  with  like  condi- 
tions, the  total  di-tance  is  the  SUM  for  motion-  uniformly  acce- 
lerated or  retarded. 

The  velocity  at  the  end  of  a  given  time,  in  uniformly  acceler- 
ated motion,  is  equal  to  the  velocity  ai  starting,  plus  the  product 
of  the  increase  per  second  into  the  time  in  seconds. 

/      i  J  What  velocity  will  a  bod/ have  at  the  and  of 

8  seconds,  supposing  the  initial  velocity  St  1.  ami  that  it  increases 
at  the  rate  of  3  feet  per  second? 

V  =  l  +  ,h  x  8  as  It  feet 

The  velocity  which,  at  the  end  of  ■  given  time,  a  body  uniformly 

retarded   should   have,   is   equal   to   the    initial  velocity  minus   the 
product   of  the  diminution  per  second,  multiplied  into  the  time  in 

seconds. 

\  bod]  in  motion  starts  with  a  vd 

22  feet  per  second,  and  its  velocity  decreases  at  the  rate  of  2  feet 
per  second,  what  will  be  the  velocitj  at  the  end  of  1"  seconds? 

V  =   22  i2    X    10]    =  I  Let. 

irioui  parts  of  machines  arc 
Capable  are  of  tWO  principal  kinds  continuous,  and  alternate  or 
back  and  forward  motion. 


D  = 


X  4  =  16  feet 
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These  two  kinds  of  motion  may  take  place  either  in  straight  or 
curved  lines,  the  latter  generally  being  circular. 

In  the  actual  construction   of  machinery,  we  find  that,  from 

these  principal  descriptions  of  motions,  the  following  combinations 

are  derived  : — 

("Continuous  rectilinear. 
Continuous  rectilinear  motion  is  converted  into  <  Continuous  circular. 
(  Alternate  circular. 


Alternate  rectilinear  motion  is  converted  into 


Continuous  circular  motion  is  converted  into 


Alternate  circular  motion  is  converted  into 


(Continuous  rectilinear. 
-v  Continuous  circular. 
(  Alternate  circular. 
T  Continuous  rectilinear. 
J  Alternate  rectilinear. 
1  Continuous  circular. 
[_ Alternate  circular. 
( Alternate  rectilinear. 
<  Continuous  circular. 
{Alternate  circular. 


THE   SIMPLE   MACHINES. 

246.  This  term  is  applied  to  those  mechanical  agents  which 
enter  as  elements  into  the  composition  of  all  machinery,  whether 
their  function  be  to  elevate  loads,  or  to  evercome  resistances. 

The  simple  machines  are  generally  considered  to  be  six — the 
lever,  the  wheel  and  axle,  the  pulley,  the  inclined  plane,  the 
screw,  and  the  wedge. 

A  much  more  scientific  and  comprehensive  arrangement  of  the 
elementary  machines,  is  that  lately  suggested  by  Mr.  G.  P.  Ren- 
shaw,  C.E.,  of  Nottingham.  According  to  his  system,  the  elemen- 
tary machines,  or  mechanical  powers,  are  five — namely,  the  lever, 
the  incline,  the  toggle  or  knee-joint,  the  pulley,  and  the  ram. 

The  wheel  and  axle,  of  the  first  system,  is  evidently  but  a 
modification  of  the  lever,  and  the  screw  and  wedge  are  modifi- 
cations of  the  inclined  plane  ;  whilst  no  mention  is  made  of  the 
toggle-joint  and  ram — the  last  so  well  represented  by  the  hydro- 
static press. 

All  these  machines  act  on  the  fundamental  principle,  known  as 
that  of  virtual  velocities.  According  to  this  principle,  the  pressure 
or  resistance  is  inversely  as  the  velocity  or  space  passed  through, 
or  that  would  be  passed  through,  if  the  piece  were  put  in  motion. 

The  momentum  of  the  power  and  resistance  is  equal  when  the 
machine  is  in  equilibrio.  By  momentum  is  understood  the  pro- 
duct of  the  power  by  the  space  passed  through  by  the  point  of 
application. 

Time  is  occupied  in  the  transmission  of  all  mechanical  force. 
In  any  mechanical  action  we  do  not  see  the  effect  and  the  cause 
at  the  same  instant.  Thus,  in  continuous  motion,  in  which  the 
time  expended  is  not  apparent  at  first  sight,  each  succeeding  por- 
tion of  the  motion  is  due  to  a  portion  of  the  impelling  action 
exerted  a  certain  time  previously.  This  will  be  more  obvious  on 
observing  the  commencement  and  termination  of  any  motion. 
The  motion  does  not  commence  at  the  instant  that  the  power  is 
applied,  nor  does  it  cease  at  the  exact  moment  of  the  power's 
cessation.  The  fiction  of  the  vis  inertia  has  been  invented  to 
account  for  these  latter  observed  facts,  but  it  explains  them  very 
awkwardly.  Thus,  bodies  are  said  to  possess  a  certain  force 
which  is  opposed  to  a  change  of  state,  whether  from  rest  to  motion 
or  motion  to  rest.  If  such  a  resistive  force  existed,  it  would  re- 
quire an  effort  to  overcome  it,  in  addition  to  what  is  actually 


accounted  for  by  the  motion.  If  it  is  said  that  this  is  again  given 
back  at  the  termination  of  the  motion,  another  fiction  is  required 
to  account  for  it  in  the  meantime,  that  is,  during  the  continuation 
of  the  motion.  Moreover,  there  is  nothing  analogous  to  it 
throughout  the  entire  range  of  physical  science. 

The  facts  are  described  in  a  much  more  simple  and  philosophi- 
cal manner,  when  they  are  said  to  arise  from  the  time  taken  in  the 
transmission  of  motive  force.  Why  there  should  be  this  expen- 
diture of  time  is  a  more  abstruse  question.  It  probably  arises 
from  the  elasticity  of  the  component  particles  of  bodies  and  re- 
sisting media,  and  is  regulated  by  the  laws  which  govern  the  rela- 
tion to  time  of  the  vibrations  of  the  pendulum. 

In  all  machines,  a  portion  of  the  actuating  power  is  lost  or 
misapplied  in  overcoming  the  friction  of  the  parts. 

247.  The  Lever. — The  lever,  in  its  simplest  form,  is  an  in- 
flexible bar,  capable  of  oscillation  about  a  fixed  centre,  termed  the 
fulcrum.  A  lever  transmits  the  action  of  a  power  and  a  resist- 
ance, or  load ;  the  distance  of  the  power,  or  load,  from  the  centre 
of  oscillation,  is  called  an  arm  of  the  lever. 

There  are  two  kinds  of  power  levers,  distinguished  by  the  posi- 
tion of  the  fulcrum  as  regards  the  power  and  the  resistance. 
These  become  speed  levers,  by  transposing  the  power  and  resist- 
ance. By  a  power  machine,  is  meant  one  which  gives  an  increase 
of  power  at  the  expense  of  speed,  and  by  a  speed  machine,  one 
that  gives  an  increase  of  speed  at  the  expense  of  power,  and  all 
the  simple  machines  are  one  or  the  other,  according  to  the  rela- 
tive position  of  the  power  and  resistance. 

In  all  cases  of  the  lever,  the  power  and  the  resistance  are  in  the, 
inverse  ratio  to  each  other  of  their  distances  from  the  centre  of  oscil- 
lation. That  is  to  say,  that  when,  in  equilibrio,  the  momentum 
of  the  power,  P  X  A,  or  the  product  of  this  power  into  the  space 
described  by  the  lever  arm,  A,  is  equal  to  the  product,  R  X  B,  of 
the  resistance,  into  the  space  described  by  the  lever  arm,  b: 
whence  the  following  inverse  proportion  : — 

P  :  R  ■  :  B  :  A  ; 

Any  three  of  which  terms  being  known,  the  fourth  can  be  found 
at  once. 

248.  The  wheel  and  axle  is  a  perpetual  lever.  As  a  power,  the 
advantage  gained  is  in  the  proportion  of  the  radius  of  the  circum- 
ference of  the  wheel  to  that  of  the  axle.  That  is  to  say,  the  power, 
p,  is  to  the  resistance,  u,  as  the  radius,  b,  of  the  axle,  is  to  the 
radius,  a,  of  the  wheel,  or  the  length  of  the  winch  handle — in  the 
simpler  form  of  this  machine,  consisting  of  an  axle  and  a  winch 
handle.  The  same  rules  and  formulas  obviously  apply  to  this,  as 
to  the  first  described  form  of  lever. 

Thus,  multiply  the  resistance  by  the  radius  of  the  axle,  and 
divide  by  that  of  the  handle,  and  the  quotient  will  be  the  power. 

In  windlasses  and  cranes,  consisting  of  a  system  of  wheel-work, 
the  power  is  applied  to  a  handle  fixed  on  the  spindle  of  a  pinion, 
which  transmits  the  power  to  a  spur-wheel,  fixed  in  the  spindle  of 
the  barrel,  about  which  the  cord,  or  rope,  carrying  the  load  to  be 
raised,  is  wound. 

Where  there  are  several  pairs  of  such  wheels,  it  is  necessary  to 
include  in  the  calculations  the  ratios  of  the  pinions  to  the  spur- 
wheels. 


THE  PttAt  l!»'\i.  i»i:\i  i.lli- 


Ttie  proportional  formula  will,  in  this  case,  be  tho  same  as  for  a 

rs: — 

P  :  R  : :  »  X  •'  X   k"  :  <«  X  <■•  X 

Or,  tlic  | 

i  of  the  spur- 

.-  :  : 

I.  Multiply  .■ 

I  into  tht  null. 

f  tlir  rtiiliut  of  tltr  /,-■ 

il  to  tht 

II.  Multiply  I 

III.  Multiply  Ou  radii  of  tl  ivide  the 

■ 
trill  bf  lA 

■\  a  body  is  raised   up  ■  - 
plana,  it.-  whole  wei  :lit  i>  rapported  by  tli<>  elevating  po 
thi-  power  ii  consequently  equal  to  the  wi  ighl  elevated. 

When  a  body  i-  drawn  along  a  horizontal  plane,  the  tractive 
power  baa  none  of  tin-  weight  of  tin'  body  to  sustain,  but  merely 
to  overcome  the  friction  of  tho  mi 

If,  however,  a  body  is  drawn  up  an  inclined  plane,  tin-  power 
required  to  elevate  it  is  proportionate  to  the  inclination  of  tin' 
plane,  in  racfa  a  manner,  that 

Iheplane,  the  length  of  tht  pi 
ghi  U  I"  tin  I'lwir. 

Thi'  advantage  gained  by  the  nee  of  the  inclined  plana,  as  a 
power,  is  the  greater  the  more  it-  length  outmeasures  it-  height; 
it  i-  then  the  ratio  of  the  length  to  the  height  which  determines 
whence  we  obtain  the  follow- 
ing rules : — 

Uiplied  I'//  tin-  In  ighl  and  dividt  </  /»,»/ tl 
of  thr  plum,  it  equal  i<>  tin  power  required  I  •  dy  on  tin- 

,  hlnr. 

II.  77  by  the  length  of  tht  plant  mid  divided 

III.  /  .  multiplied  by  tin  height  of  the  /"' 
■  !  iiii  iu  length,  it  equal  to  tin  load  mi  tin  / 

The  wedgi  ami  the  screw  are  noiiei  table  modificationi  of  tlie 
incline.     An  Incline  wrapped  round  a  cylinder  generate! 
When  used  as  .-i  power-machine,  it  i-  general!)  combined  with  a 
lever,  a»  in  presses.     The  advantage  gaini  npon  the 

f  the  lever  and  the  pitch  of  the  screw.     Multiply  the 
actuating  force  by  the  circumference  described  by  the  end  of  the 
arm  or  lever,  and  divide  the  product  by  the  length  of  th 
of  the  si  r.v.  ;  the  quotient,  minus  the  friction,  wbii  h  i-  vi 
sidarable  in  these  machines,  will  he  the  pn  I  by  the 

screw,  and  the  velocity  will,  •  ratio  of 

the  theoretic  >1  pressure  to  t  1 

rhii   i-  no  i  with  chiefly  in   punching 
ind  rods  are  also  examples  of  it.  and 
carpenters  to  stretch  their 


-  to  the  space  passed 

■ 

• 

which  turns  I  ply  ,u 

without   alt.  • 

I 

:   at    the 

I  the  cord,  it  «ill  balance  20  lbs.  1 
of  the  pulley. 

through    by  t:  t lie  latter  pas* 

through  -  ley  will   only 

momentum  of  the  power,  l'1  x  6,  :  of  the 

i  the  two  will  he  in  equilibrium. 
I  ary    pulley  I    as    a 

mechanii 

eaaii  r  to  pull  downwards  than  upwai 

weight  to  hear  in  the  I 

Winn  several  pull.  .  i  one  axis  in  a 

suitable  frame.  . 

loved,  it  is  only  the  veabl ies  which  inci 

power,  and  thi-  uhle.  the  number  of  sheaves, 

.  -.  in  the  block  or  i ; 

The  lie  ■  hanieal  .-el', 

•  il  by  the  motive  powi  r  i-  equal  to 
the  Mini  of  .Ion!  i.l  round  the  pulley-,  whilst  the  load 

inding  to  thi-  space  divided 
by  the  number  of  these  doublinga. 

A  clock  line  ami  weight,  in  which  the  line  goes  round   I 

fixed  in  the  weight,  i-  I  pulley,  thai 

ill  which    the    power.  ■: 
or   motive   powi  r.  i  in-.  - 

through  twice  the  space  it  i  itself. 

•.'.v.'.  Tin.  Ram.    This  i-  the  moat  economical  angmentor  of 

power  that  we    have.        ! 

vantages  than  the  other  simple  machines,  and  ii  is,  in  i:- 

very  closely  allied  to  the  pulley. 

from  the  division  apport,  for  the  proportionate 

area  of  the  piaton  in  the  Bramafa    pi 

points  over  w  hil  li  the  | 

!.'i  m  irks.     1:  i nti  il  that,  i"  avoid  illusive  n 

the  student  should  perfectly  understand,  thai  when,  in  employing 
mechanii  if  the  power 

nee  paatad  through  by  thi  load,  is  dimin- 

ished, with  rei'  renoe  to  I  i  through  by  the  | 

This   i-   true   In  all 
I 

of  machinery,  wi 

Il     follows   from  this,  that  ihe  trn 

the  work   p.  rformed  by  tie   ■  .  hut  to 

in   a   manner   appi 
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circumstances  in  which  the  power  is  to  be  used.  Thus  we  can 
make  a  very  small  force,  as  that  of  a  man,  elevate  an  enormous 
weight,  but  with  a  speed  proportionately  slow. 

Finally,  The  mechanical  effi  ci  di  vekped  in  a  given  time  by  a  given 
force,  through  the  instrumentality  <>/ murium  ry,  mud  always  equal  the 
useful  effect  obtained,  plus  (he  amount  lost  in  overcoming  frictional 
and  other  resistances;  and  the  useful  effect  of  machinery  trill  be 
the  greater,  according  as  the  causes  of  these  resistances  arc  diminished. 

CENTRE    OF    GRAVITY. 

254.  All  bodies  are  equally  subjected  to  the  action  of  weight. 
Gravity,  or  weight,  is  the  action  of  that  universal  attraction  which 
draws  all  bodies  towards  each  other,  and  by  which,  in  the  case  of 
bodies  on  the  surface  of  the  earth,  these  are  drawn  towards  its 
centre.  The  power,  of  whatever  nature  it  may  be,  which  balances 
this  action,  is  equal  to  the  weight  of  the  body. 

The  curvature  of  the  surface  of  the  earth  being  quite  inap- 
preciable for  small  distances,  gravity  is  considered  as  acting  in 
parallel  lines,  and  its  direction  is  given  by  the  plumbline. 

The  centre  of  gravity  is  that  point  in  any  body  in  which  the 
action  of  its  entire  weight  may  be  said  to  be  concentrated.  If 
the  body  be  suspended  by  this  point  it  will  be  in  equilibria,  in 
whatever  position  it  is  put. 

The  position  of  the  centre  of  gravity  depends  upon  the  nature 
and  form  of  any  body  ;  it  may  generally  be  found  in  the  follow- 
ing manner : — 

Suspend  the  body  by  a  thread  attached  to  any  point  whatever 
in  it ;  when  the  body  is  motionless,  the  line  of  the  suspension 
thread  will  pass  directly  through  the  centre  of  gravity.  Suspend 
the  body  by  any  other  point,  and  the  centre  of  gravity  will  also 
be  in  the  continuation  of  the  line  of  the  thread,  so  that  the  actual 
centre  must  be  at  the  point  of  intersection  of  the  two  lines  thus 
obtained.  This  simple  expedient  reminds  us  of  the  application  of 
the  square  to  the  finding  of  the  centres  of  circles— the  unknown 
centre  on  the  endface  of  a  shaft,  for  example — where  the  inter- 
section of  any  two  lines,  drawn  along  the  blade  of  the  square, 
when  the  head  is  laid  against  the  periphery  of  the  shaft  in  two 
different  positions,  gives  the  required  point  of  centre. 

The  centre  of  gravity  of  regular  bodies,  as  spheres,  cylinders, 
prisms,  is  in  the  centre  of  their  configuration. 

The  centre  of  gravity  of  an  isosceles  triangle  is  one  third  up 
the  centre  line  which  bisects  the  base. 

The  centre  of  gravity  of  a  pyramid,  with  a  triangular  or  poly- 
gonal base,  is  one  fourth  up  the  line  which  joins  the  summit  with 
the  centre  of  gravity  of  the  base.      It  is  the  same  with  a  cone. 

The  centre  of  gravity  of  a  hemisphere  is  situated  three-eighths 
up  the  radius  at  right  angles  to  the  base. 

The  centre  of  gravity  of  an  ellipse  is  in  the  point  of  intersection 
of  the  axes. 

When  a  body  is  placed  in  a  vertical  or  inclined  position  on  a 
plane,  it  is  necessary,  in  order  that  it  may  rest  upon  it  in  that  po- 
sition without  falling,  that  the  vertical  line  passing  through  the 
centre  of  gravity  shall  fall  within  the  external  outline  of  the  side 
in  contact  with  the  plane.  This  limit,  however,  allows  of  consi- 
derable deviation  from  the  vertical  in  the  general  contour  of  bodies, 
as  is  instanced  in  the  case  of  leaning  or  inclined   edifices.      The 


stability  of  bodies  increases  as  the  extent  of  their  bases  is  greater 
in  comparison  with  their  height,  and  also,  as  the  vertical  line, 
passing  through  the  centre  of  gravity,  meets  the  plane  on  which 
the  body  rests  nearer  to  the  centre  of  the  base.  A  body  is  said 
to  be  more  stable  when  it  requires  a  greater  force  to  overturn  it. 
A  cone  is  more  stable  than  a  cylinder  of  the  same  height  and  base. 
The  stability  of  walls  depends  greatly  on  the  kind  of  foundations 
given  to  them,  and  on  the  proportionate  extension  of  their  bases. 

ON    ESTIMATING   THE    POWER   OF    PRIME    MOVERS. 

255.  As  we  shall  see  further  on,  the  power  of  prime  movers 
may  be  calculated  from  the  dimensions  of  the  various  parts  of  the 
engine.  Still,  the  many  different  modes  of  construction  tend  to 
modify  considerably  the  actual  useful  effect,  and  engineers  have 
endeavoured  to  construct  an  apparatus,  by  means  of  which  the 
actual  power,  or  useful  effect  of  engines,  may  be  measured  with 
exactitude. 

Prony's  brake,  which  is  the  instrument  most  generally  used  for 
this  purpose,  acts  on  the  principle  of  the  lever,  and  consists  of  a 
cast-iron  pulley  in  two  halves,  united  by  screws.  This  is  fixed  on 
the  main  shaft  of  the  prime  mover,  the  force  of  wdiich  it  is  wished 
to  measure.  It  is  embraced  by  two  jaws,  which  may  be  tightened 
down  upon  the  pulley  by  screws.  To  the  lower  jaw  is  attached 
a  long  lever,  from  the  end  of  which  is  suspended  a  scale  for 
weights.  If  it  is  known  what  power  the  engine  was  designed  to 
possess,  it  is  simply  necessary  to  put  into  the  scale  the  weight 
corresponding  to  this  power,  that  is,  the  weight  which,  by  the 
action  of  the  lever,  will  give  a  pressure  equal  to  the  supposed 
power  of  the  machine. 

Having  fixed  the  apparatus  on  the  engine,  and  provided  means 
of  efficiently  lubricating  the  frictional  surface  of  the  pulley  with 
soap  and  water,  and  having  balanced  the  apparatus  in  such  a 
manner  that  it  will  not  be  necessary  to  take  into  the  calculation 
anything  but  the  weight  placed  in  the  scale,  the  steam  may  be 
gradually  let  on.  The  engine  will  perhaps  shortly  acquire  a 
greater  velocity  than  that  for  which  it  was  designed  ;  if  this  is  the 
case,  the  jaws  are  gradually  screwed  closer  and  closer  upon  the 
pulley.  As  the  friction  thereby  increases,  the  velocity  will  dimi- 
nish, and  full  steam  may  be  let  on.  After  a  short  time,  and 
when  the  friction  is  so  great  that  the  lever  is  raised  slightly  above 
the  horizontal  line,  and  the  engine  is  going  at  its  proper  velocity, 
and  the  pressure  of  the  steam  at  its  correct  point,  so  that  the 
power  of  the  engine  balances  the  load  on  the  lever,  it  may  be  con- 
cluded that  the  engine  develops  the  power  for  which  it  was  in- 
tended. If  the  lever  rises  considerably,  it  will  be  necessary  to 
increase  the  weight  in  the  scale,  so  as  to  obtain  the  actual  maxi- 
mum power  of  the  engine  ;  and,  on  the  contrary,  if  the  engine  does 
not  appear  to  have  the  desired  power,  the  weight  must  be  reduced, 
by  which  means  its  actual  power  will  be  ascertainable. 

CALCULATION    FOR    THE    BRAKE. 

256.  The  weight  which  will  balance  the  force  of  a  machine  may 
be  calculated  when  the  length  of  the  lever  arm  is  known,  or,  more 
correctly,  the  radius  from  the  centre  of  the  shaft  to  the  point  of 
suspension  of  the  weight,  and  the  nominal  horse-power,  by  the 
following  rule : — 
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The  actual  power,  or  maximum  effect  of  an  engine,  may  like- 
wise be  calcu!  .  •  .it"  the  following  nil. 
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THE    FALL   OF    BODIES. 

258.  When  bodies  fall  freely  of  their  own  weight,  the  velocities 
which  they  acquire  are  proportionate  to  the  time  during  which 
they  have  fallen,  whilst  the  spaces  passed  through  are  as  the 
squares  of  the  times. 

It  has  been  ascertained  by  experiment  that  a  body  falling  freely 
from  a  state  of  rest,  passes  through  a  distance  of  16  feet  and  a 
small  fraction,  in  the  first  second  of  time.  At  the  end  of  this 
time  it  has  a  velocity  equal  to  twice  this  distance  per  second. 

From  this  it  follows  that  if  the  times  of  observation  are — 

4" 
The  corresponding  velocities  will  be         32  ft. 
The  spaces  passed  through  from    the")   .,.    „ 

commencement,  / 

The  spaces  passed  through  during  each  \  - ,,    „         ,„  „  „»  ,,         . 

second,  / 


..  61  ft. 
..  G4  "  , 


3" 
.   96  ft. 

.  144  " 


.  128  ft. 
256" 


2, 


3,  4 

3,  4 

9,  16 

5,  7 


That  is  to  say,  that  the  times  are  as  the  numbers, 

The  velocities  also  as, 

The  spaces  passed  through  as  the  squares, 

And  the  space  for  each  interval  as  the  odd  numbers, 

These  principles  apply  equally  to  all  bodies,  whatever  may  be 

their  specific  gravity,  for  gravity  acts  equally  on  all  bodies ;  the 

effect,  however,  being  modified  by  the  resistance  of  the  media 

through  which  the  bodies  pass,  which  is  greater  in  proportion,  as 

the  specific  gravity  is  less. 

259.  The  velocity  which  a  body  will  acquire  in  a  given  time 
when  falling  freely,  will  be  found  by  multiplying  the  time  ex- 
pressed in  seconds  by  32  feet. 

Example. — Let  it  be  required  to  ascertain  the  velocity  acquired 
by  a  body  falling  during  12  seconds. 

V  =  12  X  32  =  384  feet  per  second. 
When  a  body  falls  from  a  given  height,  II,  the  ultimate  velo- 
city, or  that  acquired  by  the  time  the  base  is  reached,  will  be  given 
by  the  formula  {g  being  the  velocity  gravity  causes  a  body  to 
acquire  in  the  first  second) 

V  =  V2«?H,  or  V  =  V  G4  X  H, 
which  leads  to  the  following  rule  : — Multiply  the  given  height  in 
feet  by  64,  and  extract  the  square  root,  which  will  be  the  velocity 
in  feet  per  second  by  the  time  the  body  shall  have  fallen  through 
the  height,  H,  not  taking  resistance  into  consideration. 

Example. — What  will  be  the  ultimate  velocity  of  a  body  falling 
a  distance  of  215  feet  ? 

V  =  V64  X  215  =  117-3  feet  per  second. 
From  the  above  formula, 


V  =  V2?H, 
■we  obtain  V3  =  2  g  H,  then 

_  V3        V2 
~  2^  =  "64; 
■whence  we  have  this  rule : — Divide  the  square  of  the  velocity  in 
feet  per  second  by  64,  and  the  quotient  will  express  the  height 
through  which  a  body  must  fall  unimpeded,  from  a  state  of  rest,  in 
order  to  obtain  that  velocity. 

Example.— A  body  has  acquired  a  velocity  of  117-3  feet  per 
second,  through  what  height  must  it  have  fallen  ? 
117-33 
H  =      „,      =  215  feet,  the  height  of  the  fall. 
64 

To  obviate  the  necessity  of  calculating  the  corresponding  heights 
and  velocities,  we  give  a  very  extensivi  table,  calculated  for 
tenths  of  inches.     The  numbers,  however,  being  equally  correct 


as  representing  feet  or  yards,  those  of  both  columns  being  of  the 
same  denomination. 

MOMENTUM. 

260.  The  force  with  which  a  body  in  motion  strikes  upon 
one  in  a  state  of  rest,  is  equal  to  the  product  of  the  mass  of 
the  moving  body  multiplied  into  the  velocity ;  this  product  is 
termed  its  momentum.  If  a  body  with  a  mass,'  m,  is  ani- 
mated with  a  velocity,  r,  its  momentum  is  equal  to  m  v.  The 
term,  m,  however,  may  be  taken  as  signifying  the  mechanical  effect 
of  a  weight  falling  during  a  second  of  time,  or  through  32  feet, 

w 
therefore,  m  =  ~,  that  is,  the  weight  in  pounds  divided  by  32  feet, 

w  X  v 

whence,  m  v  ■=■ . 

9 
What  distinguishes  the  simple  momentum  or  force  of  impact  of 
a  body  from  the  mechanical  effect  of   a  prime   mover  is,  that 
whilst  the  former  is  due  to  a  single  impulse,  we  have  in  the  latter 
to  consider  the  continuous  action  of  the  impelling  force. 

261.  When  a  motive  force  imparts  continuously  a  certain  velo- 
city to  a  body,  the  result  of  its  action  is  what  may  be  termed  vis 
viva,  or  continuous  momentum  ;  it  is  numerically  the  product  of 
the  (moving)  mass  multiplied  into  the  square  of  the  velocity  im- 
parted to  it. 

Putting  M  to  represent  the  mass  of  a  body,  and  V  the  velocity 
impressed  upon  it, 

M  V2  or 

g 

is  the  expression  of  the  vis  viva  of  the  body.  This  force  is  double 
that  developed  by  gravity.  For,  in  fact,  when  a  body  of  the 
weight,  W,  falls  from  a  height,  H,  it  acquires  from  its  fall  an 
ultimate  velocity,  V,  which  we  have  already  shown  to  be  equal  to 

V2 


V2«7H  =  — , 
2g 
and  the  mechanical  effect,  W  H,  is  consequently  expressed  by 
WV2 

M  V2 
~2_ ' 

Thus,  the  mechanical  effect  developed  by  gravity  is  equal  to 
half  the  vis  viva  imparted  to  a  body. 


now,  putting  for  P,  its  value,  M  g,  the  formula  becomes 


CENTRAL   FORCES. 

262.  When  a  body  revolves  freely  about  an  axis,  it  is  said  to 
be  subjected  to  two  central  forces  ;  the  one,  termed  "  centripetal," 
tends  to  draw  the  body  to  the  axis ;  the  other,  termed  "  centri- 
fugal," or  tangential,  and  due  to  the  tendency  of  bodies  in  motion 
to  proceed  in  straight  lines,  strives  to  carry  the  body  away  from 
the  centre.  These  forces  are  equal  and  act  transversely  to  each 
other. 

The  centrifugal  effort  exerted  by  a  body  in  rotative  motion,  and 
which  tends  to  separate  the  component  particles,  is  expressed  by 
the  following  formula  : — 

WV2 
9  X  R' 
in  which  W  represents  the  weight  of  the  body ;  V,  the  velocity  in 


F  = 


iiii:  i'i:\.  ,h  \l.  DKA1  GUTS 


i.  ■ 

■  ■ 

rj-liu-.  B 


i'l.  what  i»  tin  |  ill  of  the  ball 

.  linaf 


P  = 


•     ;■'  X  40 
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CHAPTER  VII. 


ELEMENTAR1  PRINCIPLES  OF  SHADOWS. 
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The  face,  e'b',  being  that  on  which  the  cube  rests,  has  no  pro- 
minence, and  cannot  therefore  cast  any  shadow.  It  follows,  then, 
that  the  shadow,  as  above  determined,  is  all  that  is  apparent.  It 
is  generally  represented  by  a  flat,  uniform  shade,  laid  on  with  the 
brush,  and  produced  by  a  greyish  wash  of  China  ink. 

2G9.  It  will  be  observed  that  the  lines,  d  b  and  b  c,  are  parallel 
to  the  straight  lines,  d  b  and  B  c.  This  is  because  these  are 
themselves  parallel  to  the  horizontal  plane;  for  when  a  line  is 
parallel  to  a  plane  (82),  its  projection  on  this  plane  is  a  line  paral- 
lel to  itself;  and  hence  we  have  this  first  consequence,  that — 

lYhcn  a  straight  line  is  parallel  to  the  plant  of  projection,  it  casts 
a  shadow  on  the  plane,  in  the  form  of  an  equal  and  parallel  straight 
line. 

270.  It  will  also  be  observed,  that  the  straight  lines,  D  d,  Bb,cc, 
which  are  the  shadows  cast  by  the  verticals,  projected  in  d,  b,  and 
C,  are  inclined  at  an  angle  of  45°  to  the  base  line ;  whence  we  de- 
rive the  second  consequence,  that — 

When  a  straight  line  is  perpendicular  to  the  plane  of  projection, 
it  casts  a  shadow  on  the.  plain  in  the  form  of  a  straight  line,  parallel 
to  the  rays  of  light,  and  consequently  inclined  at  an  angle  of  45°  to 
the  base  line. 

271.  These  observations  suggest  a  means  of  considerably  simpli- 
fying the  operations.  Thus,  in  place  of  searching  separately  for 
each  of  the  points,  c,  b,  d,  where  the  rays  of  light  pierce  the  hori- 
zontal plane,  it  is  sufficient  to  determine  one  of  these  points,  such 
as  b,  for  example,  and  through  it  to  draw  the  straight  lines,  b  d,  b  c, 
parallel  and  equal  to  the  sides,  D  B  and  B  c,  of  the  cube  and 
intersecting  lines,  inclined  at  an  angle  of  45°  drawn  from  the 
points,  D  C. 

In  the  actual  case  before  us,  we  may  even  entirely  dispense  with 
the  vertical  projection,  fig.  1",  since  it  would  have  been  sufficient 
to  prolong  the  diagonal,  A  B,  to  b,  making  b  B  equal  to  B  A,  or  to 
make  the  inclined  lines,  d  d,  or  b  b,  equal  to  the  diagonal,  a  b  ;  be- 
cause the  vertical  projection,  e'e',  and  horizontal  projection,  C  c, 
of  the  same  ray  of  light,  are  always  of  the  same  length,  which  fol- 
lows from  our  having  taken  the  diagonal  of  the  cube  for  the  direc- 
tion of  this  ray,  the  two  projections,  A  b  and  a'  b',  of  this  diagonal 
being  obviously  equal.  Whence  follows  the  third  consequence, 
that— 

//',  through  any  point  of  which  the  two  pn'ojcctio7is  are  given,  we 
draw  a  straight  line,  representing  the  ray  of  light,  and  if  ice  ascer- 
tain the  point  in  which  this  ray  meets  either  plane,  the  length  of  the. 
ray  in  the  other  plane  of  projection  will  be  the  same. 

272.  Finally,  it  is  to  be  observed  that  the  distance,  b  d,  taken 
on  the  prolongation  of  the  vertical  line,  c  B,  is  equal  to  the  entire 
height,  c'  b',  namely,  that  of  the  cube ;  and  consequently,  in  place 
of  employing  the  diagonal  to  obtain  the  various  points,  d,  b,  c,  we 
may  make  the  distance,  b  d,  equal  to  the  height  of  the  cube,  and 
draw,  through  d,  a  straight  line,  db,  parallel  and  equal  to  D  B, 
and  through  b  a  second,  b  c,  parallel  and  equal  to  B  c,  and  then 
join  do,  cc. 

Thus  the  shadow  cast  on  a  plane  by  a  point,  is  at  a  distance 
from  the  projection  of  the  point,  equal  to  the  distance  of  the  point 
itself  from  the  plane. 

273.  Figs.  2  and  2"  represent  a  prism  of  hexagonal  base,  sup- 
posed to  be  elevated  above  the  base  line,  but  at  the  same  time  at 


such  a  distance  from  the  vertical  plane,  that  all  the  shadow  cast 
will  be  in  the  horizontal  plane. 

It  will  be  seen  that  the  vertical  faces,  A  n,  b  c,  and  A  f,  are 
illumined,  whilst  the  opposite  ones,  e  d,  d  c,  and  e  f,  are  in  the 
shade. 

Of  these  latter  faces,  c  d  is  the  only  one  visible  in  the  vertical 
projection,  fig.  2",  and  represented  by  the  rectangle,  c'd'hg, 
which  should  be  shaded  to  a  deeper  tint  than  the  cast  shadows, 
to  distinguish  it. 

274.  The  operations  by  which  we  determine  the  shadow  cast 
upon  the  horizontal  plane,  is  evidently  the  same  as  in  the  preced- 
ing case ;  still,  since  the  lower  base,  J  h,  does  not  rest  upon  the 
horizontal  plane,  it  will  not  be  sufficient  merely  to  draw  the  rays 
of  light  through  the  points,  c,  D,  E,  F,  of  the  upper  side ;  it  is,  in 
addition,  necessary  to  draw  corresponding  rays  through  the  points, 
J,  i,  g,  H,  of  the  base. 

It  is  to  be  observed,  as  in  the  preceding  case,  that  as  these  two 
faces  are  parallel  to  the  horizontal  plane,  the  shadow  cast  by  each 
upon  this  plane  will  be  a  figure  equal  and  parallel  to  itself;  so  that, 
in  place  of  seeking  all  the  points  of  the  shadow,  it  would  have 
been  quite  sufficient  to  obtain  one  of  these  points,  as  d,  for  ex- 
ample, of  the  upper  side,  and  h,  of  the  lower  side,  and  then,  start- 
ing from  them,  to  draw  a  couple  of  hexagons,  parallel  and  equal 

to  A  BC  D  E  F. 

It  will  also  be  understood,  that  as  it  is  only  the  outside  lines, 
those  of  the  separation  of  the  light  and  shade,  which  make  up  the 
contour  of  the  shadow,  it  is  not  necessary  to  determine  the  points 
which  fall  within  this  contour,  and  correspond  to  those  points 
in  the  object  itself  which  do  not  lie  in  the  lines  of  separation  of 
the  illuminated  and  shaded  parts. 

275.  Thus  it  is  unnecessary  to  find  the  points,  a,  b,  e,  h ;  and 
generally,  in  making  drawings,  we  do  not  seek  the  shadows  cast 
by  points  fully  illuminated,  or  within  the  borders  of  the  shaded 
portion ;  and  the  contour  of  the  shadow  is  derived  simply  from 
points  lying  in  the  line  of  separation  of  the  light  and  shade  on  the 
object. 

276.  From  what  we  have  already  explained,  it  will  be  gathered, 
that  the  projection  in  one  plane  of  the  shadow,  cast  by  a  point,  can 
be  obtained  by  drawing  the  diagonal  of  the  square,  a  side  of  which 
is  equal  to  the  distance  of  the  point  from  the  plane,  as  shown  in 
the  other  projection. 

For  example,  the  shadow,  /„•,  on  the  horizontal  plane  of  the 
point,  the  two  projections  of  which  are  F  and  I,  figs.  2  and  2",  may 
be  got  by  forming  the  square,  F I  Is,  a  side  of  which,  f  /,  is  equal 
to  the  distance,  1 1',  of  the  point  from  the  horizontal  plane. 

In  the  same  way,  we  have  the  points,  g,  i,  f,  corresponding  to 
G,  i,  f,  which  are  the  same  height  as  the  first  above  the  plane. 

For  the  points,  c,d,e,f,  which  correspond  to  the  upper  side, 
a'd',  of  the  prism,  we  draw  the  diagonal,  d'  d',  of  the  square, 
having  for  a  side  the  height,  i>'  m,  of  the  point,  d',  above  the 
horizontal  plane,  and  set  out  this  diagonal  from  0  to  c,  D  to  d, 
E  to  e,  &c. 

PYRAMID. 

277.  When  several  straight  lines  converge  to  a  point,  the 
shadows  they  cast  on  either  plane  of  projection  must  necessarily, 
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to  ■  point.      Thin,  in  the  |  I  and  3*. 

I  in  the  point- 

all  the  fiilo.t  being  dl 

I.  ;  tlic 
■ 
find  tin  -  of  pro- 

jection, il  ■  the  ray  of  light   tl 

:  at  which  tills  ray  mi  then  to 

draw  lines  to  this  point  from  all  thl 
pyramid,  if  thil  nets  upon  tl  pyramid 

i  above  the  plane,  it  will  be  necessary  to  find  the 
cast  by  the  varl 
from  these  to  the  shadow  of  the  a; 

•   PYRAMID 

win  n  we  bare  only  the  frustum  of  a  pyramid  I 
with,  and  the  aj  necessary  to  find  the  shadows 

.  by  the  angles  of  the  base,  and  by  thoee  of  the  surface  of 
truncation.     Tims,  the  points,  i.i\  <;,n,  of  the  upper  ei 
their  thadowi  on  the  horizontal  plane,  in  the  points,  i 
which  an  drawing  thro  i 

. ..-,  ii  ,  the  rays,  inclined  al 

■/',  h',  which  are  squared  over 

irisontal  projection,  so  as  to  meet  the  corresponding  rays, 

drawn  through  the  l  we  draw  lines 

1    -.  ft,  B,  C,  D,  situated  in  the 

•  1  plane,  we  ahall  obtain  the  by  each  of  the 

lateral  edges  ofths  pyramid. 

For  the  lined  to 

1 1  me,  the  shadows  cast  by  them  on  this  plane  have 

.lit  inclinations  to  the  base  line  j  bat  the  edges  of  the 

parallel  to  this  plane, 

which  in  figure  is  equal  and  parallel  to  this  side; 

thi<  would  not  have  been  the  ease  had  it  been  inclined  to  the 

I  It  is  I  rident  that,  in  the  position  in  which  the  pyramid  is 

b  regard  to  th  I   the  two  faces,  A  i  it  n 

.    I    B,  are  in  the  light,    whilst  their  OppOSitCS,  I'  II  '.  <'   and 

are  in  the  shade.     This  last,  which  is  the  only  one  visible 

moderate  shade  of  colour. 


1.  r  with  a  circular  b  ml  ir  solid,  all 

that  is  v  mining  the  lines  of  separation  of  light  and 

.  when  the  cylinder  is  vertical,  to  draw  a  couple  of  planes 

1  In  il.  and  parallel  to  the  i 
•P.      Thl  d  plane. 

in  the  lines,  ft  a,  bo,  tangents  i"  the  circle,  and  inclined  at  the 

'.'.  .     By  their  poi  with  the  eh 

Of  -'  Deration  Of  light  and  shade,  which  are 

IK  iii  \'  i  and  n  n.     i  in.  .  i~  appa- 

rent "ii  thil  \  i<  w,  but  ill'  otbi  i  i-  n"t.     We  have  thus  the  portion, 

lindl  r,   in  the  light,  and  its  opposite,    A  1'  B,   ill  tin' 

1 ',  and  is 
htly  shaded. 

marked, 
m  of  light  and 


■ 

an  inclination 

; 

■ 

parallel  I 

w»,  ii,  o, 

.  with  a  radius  equal  to  0  I 

the  two 
semicircles  and  the  two  tangents,  eo,  ii  l>. 

i  the  shadow  ca 
pon  one  of  thi  a.     It  frequi  i 

| 

figuration  of  the  body  . 

Let  fig.  6  be  I  •  jection  of  a 

a  concentric  cylindrical  head  W 

find  the  line  of  separation  of 

cylinders ;  and  for  this  purp 

tical  projection,  fig.  6",  at  right  angi 

:   the  ray  of  I 

draw  the  two  straight  lit 

\  and  ii'.  and  project  points  ol  contact,  c  and 

-.  Ii.  draw  in,'  the  lini 
light  from   the  drawing 

these  tai 

drawing  the  radius,  "•'  '/.  at  right  angil  -  I"  tin'  ray  of  I 

282.    1  he  shadow  oast  by  the  ] 
cylinder,  \.  is  limited  to  that  due  to  the  i 
circumference.     Different  pomta  in  the  out!  low  arc 

determined,  by  first  tikin^  ai  the  arc, 

through  each  of  then:  .  .ling  the 

parallel  rays  of  light,  the  rylin- 

d  r,    \ ,  in  the  point  the  first- 

mentioned  points  on  the  base,  i  iw  through  tl 

r.  I  .  1  .  I  lini  -    paralh  1    to    the   first,   and    . 

wbioh  will  give  thi  ;  the  curve, 

which  i.-  the  outline  of  the  shadow  upon  the  cylinder,  \- 

■n    ill   a  former  example,  \.r   thl 

Btn  obtain  tin-  same  result   by  making  the 

a  ■/. 

SHADOW   (.  \si    B1    A  mi'.  i    I    ri;i-\t. 

, 

A,  of  an  octagonal  base,  having  a  cylindrical  projecting  hi 
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to  the  raj  of  light,  thi  \  of,  and, 

the  cylindrical  h 

The  incline  1  .  ing  in  the  din 

io  with 
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the  vertical  plane,  is  considered  to  be  completely  in  the  shade. 
The  edge  line,  a  b,  fig.  7,  is  therefore  the  line  of  separation  of 
light  and  shade  on  the  prism-shaped  portion  of  the  object,  and 
the  surface,  abid,  is  consequently  tinted.  The  shadow  cast 
upon  the  prism  by  the  overhanging  head,  B,  reduces  itself  to  that 
due  to  the  portion,  c'  f'  ii',  merely,  of  the  circumference  of  the 
latter,  and  it  falls  upon  the  two  faces,  c  f  and  f  K,  of  the  latter. 

The  lines  indicated  on  the  diagram,  with  their  corresponding 
letters,  when  compared  with  those  of  the  preceding  example,  will 
show  that  the  operations  are  precisely  the  same  in  both  cases,  and, 
in  the  latter,  the  curves,  cef  an&fgh,  are  the  resulting  outlines 
of  the  shadow.  In  general,  it  is  unnecessary  to  obtain  more  than 
the  extreme  points  of  the  curve,  and  another  near  the  middle. 
Through  the  three  points  thus  obtained,  arcs  of  circles  can  then 
be  drawn.     The  curves  are,  however,  in  reality  elliptical. 

SHADOW  CAST  BY  ONE  PRISM  UPON  ANOTHER. 

284.  Figs.  8  and  8"  represent  a  couple  of  vertical  projections, 
at  right  angles  to  each  other,  of  a  prism  of  an  octagonal  base, 
surmounted  by  a  similar  and  concentric,  but  larger  prism.  Al- 
though the  operations  called  for  in  this  case  are  precisely  the 
same  as  in  the  two  preceding,  still  it  is  an  exemplification  which 
cannot  be  omitted ;  and  its  chief  use  is  to  show,  that 

The  shadow  cast  by  a  straight  line  upon  a  plane  surface  is  inva- 
riably a  straight  line ;  and,  consequently,  it  is  sufficient  to  determine 
its  extreme  points,  in  order  to  obtain  the  entire  shadow  in  any  one 
plane. 

Thus,  the  straight  line,  e'  c',  casts  a  shadow  upon  the  plane 
facet,  fc,  which  is  represented  by  the  straight  line,  ec. 

It  is  further  obvious,  that 

The  shadow  cast  upon  a  plane  surface,  by  any  line  parallel  to  it, 
must  be  parallel  to  that  line. 

Thus,  the  straight  line,  e'  g',  of  the  larger  prism,  B,  being  paral- 
lel to  the  plane  facet,  f  g,  of  the  prism,  a,  casts  a  shadow  upon 
the  latter,  which  is  represented  by  the  straight  line,  fg,  parallel  to 
the  line,  f  g,  the  vertical  projection  of  the  edge,  f'  g'.  It  is  not, 
however,  the  same  with  the  portion,  ef,  because  the  correspond- 
ing portion,  e'  f',  of  the  edge  of  the  larger  prism,  is  not  parallel  to 
the  facet,/'  e'. 

SHADOW  CAST  BY  A  PRISM  UPON  A   CYLINDER. 

285.  Figs.  9  and  9s  represent  vertical  projections,  at  right  angles 
to  each  other,  of  a  portion  of  an  iron  rod,  a,  surmounted  by  a  con- 
centric head,  b,  of  a  hexagonal  base.  The  main  o'bject  of  this 
diagram  is  to  show,  that 

When  a  right  cylinder  is  parallel,  or  perpendicular,  to  a  plane  of 
projection,  any  straight  line,  which  is  perpendicular  to  the  axis  of  the 
cylinder,  and  parallel  to  the  plane  of  projection,  casts  a  shadow  upon 
the  cylindrical  surface,  which  is  represented  by  a  curve,  similar  to 
the  cross  section  of  such  surface. 

If,  therefore,  the  cylinder  is  of  circular  base  or  cross  section,  as 
we  have  supposed  in  the  present  case,  the  shadow  cast  upon  it 
will  be  a  portion  of  a  circle,  of  the  same  radius  as  the  cylinder. 
Thus,  the  straight  line,  d'  f',  situated  in  a  plane,  at  right  angles  to 
the  axis  of  the  cylinder,  a,  and  being,  at  the  same  time,  parallel  to 
the  vertical  plane,  casts  a  shadow  upon  the  cylinder,  which  is  re- 


presented by  the  portion,  c  ef,  of  a  circle,  the  centre,  o,  of  which 
is  obtained  by  drawing  through  the  point,  O,  a  line,  O  I,  represent- 
ing the  ray  of  light,  and  extending  to  the  prolongation  of  the  edge, 
d'f'.  The  line,  o  I,  cuts  the  circumference  of  the  cylinder  in  the 
point,  i',  which  is  squared  over  to  i,  upon  the  other  projection,  H  i, 
fig.  9,  of  the  ray,  o  I.  The  lower  point,  c,  is  obtained  from  the 
upper  one,  i,  being  symmetrical  with  reference  to  the  axis  of  the 
cylinder.  The  ray,  H  i,  being  continued  to  the  axis,  cuts  it  in  the 
point,  o',  which  is,  consequently,  the  centre  of  the  arc,  c  e  i,  the 
radius,  io  or  co,  of  which  is  equal  to  that,  oi',  of  the  cylinder. 

286.  The  edge,  f'h',  although  situated  in  a  plane  perpendicular 
to  the  axis  of  the  cylinder,  is  not  parallel  to  the  vertical  plane, 
and  does  not,  therefore,  cast  a  shadow  of  a  circular  outline  upon 
the  cylinder,  but  one  of  an  elliptical  outline,  as  fg  h.,  which  is  ob- 
tained by  means  of  points,  the  operations  being  fully  indicated  on 
the  diagrams.  If  the  head,  b,  which  casts  a  shadow  upon  the 
cylinder,  were  square,  instead  of  hexagonal,  as  is  often  the  case, 
one  of  the  sides  of  the  square,  as  I  h',  fig.  9°,  being  perpendicular 
to  the  vertical  plane,  would  cast  a  shadow  on  the  cylinder,  having 
for  outline  the  straight  line,  ni,  making  the  angle  of  45°  with  the 
axis. 

Thus,  whenever  a  straight  line  is  perpendicular  to  the  plane  of 
projection,  not  only  is  its  shadoio,  as  cast  xipon  this  plane,  a  straight, 
line,  inclined  at  the  angle  of  45°,  bid  it  is  also  the  same  on  an  object 
projected  in  this  plane,  no  matter  of  what  form. 

Observation. — In  the  four  examples  last  discussed,  we  have 
only  represented  half  views  of  the  objects  in  the  auxiliary  vertical 
projections,  figs.  6",  7°,  8",  and  9°,  this  being  quite  sufficient  for 
determining  the  shadow,  as  it  is  only  that  produced  by  this  half 
which  is  seen.  It  is  obvious,  that  the  same  operations  will  answer 
the  purpose,  whether  the  axis  of  the  object  be  horizontal  or  vertical. 

shadow  cast  by  a  cylinder  in  an  oblique  position. 

287.  In  figs.  5  and  5",  we  have  given  the  horizontal  and  verti- 
cal projections  of  a  right  cylinder,  having  its  axis  horizontal,  but 
inclined  to  the  vertical  plane.  As  in  this  oblique  projection  we 
cannot  obtain  the  points  of  contact  of  the  luminous  rays  with  the 
base  in  a  direct  manner,  it  becomes  necessary  to  make  an  especial 
diagram,  in  order  to  determine  the  lines  of  separation  of  light  and 
shade,  which  are  always  straight  lines,  parallel  to  the  axis  of  the 
cylinder. 

To  this  effect,  we  shall  make  use  of  a  general  construction,  sus- 
ceptible of  application  to  a  variety  of  such  cases.  This  construc- 
tion consists  in  determining  the  projection  of  the  luminous  ray,  in 
any  given  plane,  perpendicular  to  either  of  the  geometrical  planes, 
whence  may  be  derived  its  form  and  aspect  in  either  of  the  latter 
planes.  It  follows,  that  if  we  have  any  curve  in  the  given  plane 
we  can  easily  find  the  point  of  separation  of  the  light  and  shade 
situated  upon  this  curve,  by  drawing  a  couple  of  tangents  to  it, 
parallel  to  the  ray  of  light  projected  in  this  plane,  and  transferred 
to  the  other  plane  of  projection. 

Thus,  let  R  o  and  r'  o'  be  the  projections  of  the  luminous  ray  : 
it  is  proposed  to  find  the  projection  of  this  ray  upon  the  plane,  a  b, 
of  the  base  of  the  cylinder.  To  obtain  this,  project  the  point,  R 
to  )■,  by  means  of  a  perpendicular  to  a  b,  and  r  o  represents  the 
horizontal  projection  of  the  ray  of  light  upon  the  plane,  a b;  and 
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ba«o  line,  tl  r  to  r',  on  the 

horizontal,  nV,  and  : 
■ 

the  cyli  the  my  of 

hand,  the 

tlio  verti  .  and,  on  the  other  hand,  the  Moond  line, 

if,  whi 

to  the 
i  the  cylinder,  in  the  horizontal  pi 

! 

r  of  which  1 

whilst  the  lalt- 

I  be  obtained  indepen- 
■■  ing  manner  :  — 

Draw  an  i 

the  continuation  of  the  cylin  '  w,  al-o, 

draw  the  ray  of  light, 

5  ,  with   tin'  radio*,  OSJ  make  rr1  equal  to  the 

r,  therebv 

obtaining  bt  upon  the  end 

view  of  the  cylinder.      Next,  draw  a  couple  of  tangents  to  the 

M  V,  parallel  to  0  r:,  and  their  points  of  conta.  I 
will  repn  I  view  of  the  In  light  and 

which  are  tr.u,  liorizoutal  pri 

I  ■■ndiculars  drawn  from  them  to  the  Itiaight  line,  <i  h. 
288.   When  the  shadow  proper,   of  the  cylinder,  has  been  thus 
ill  not  be  difficult  to  find  the  DBtlil 
Caat  upon  the  1  I  |'lace,  the  shadows  of 

the  two  buses  :.  ig  in  the  form  of  ellipses;  and  next, 

■/"  and/"  f",  cast  by  the  lines,  c  d  and  f  •  ;  nam.  I 

of   the    I  light   and    shade    upon   the   object 

Dta  to  the  ell; ; 
It  may  be  observed,  that  the  trans- 
it's of  the  ellipses  are  parallel  to  the  line, 

'  '.    to  the  vertical 

H  r,  to  the  horizontal  plane, 

.  of  light  and  shade  would,  in  the  horizontal 

!        th   the  eltri  !:■  ,   or  out- 

the  cylinder,  the  visible  .-nuicylindcr  In  ing  wholly  in  the 

li^ht,  and  ylinder  wholly  in  the  shade.     In  the 

.ti. .11  would  be  in  the  line  of 

and  would  divide  the  figure  horizontally  into  two  equal 
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Pi  mi  xxvii. 
ling  to  the  further  study  of  shadows,  we 
il  h  are  simply 

lat  tints,  to  as  not  to  render  the  diagi  i 

and  the  position  of  t'  |,t. 

-  u<  somewhat  into  the  province  of 

kinter,  who  tl  guided  by  his  taste  rather  than 


.11  recommend 
ids,  which  »  :!rtt  diffi- 

culties of  the  study  more  easily  surmountable 

In  painting,  and  in  •  Tecta  of 

light  and  shad.  les: — 

in  i 
a  illumined  turf  net  hat  all  il»  pointt  at  an  equal 
dittauee  from  the  eye,  it  mutt  receive  a  dear  shade  of  uniform  inten- 

In  geometrical  drawing,  where  all  I  -  are  supposed 

to  be  parallel  and  perpendicular  to  the  plan  all  sur- 

faces parallel  to  this  plane  have  all  their  points  equal)] 
from  the  eye  :  such  is  the  plane  and   vertical  surface,  abed,  of 
-m,  fig.  A. 

■  teh  oilier,  and 
tame  manner,  that  which  it  nearer  to  tie  eye  thould 

.  inelined  to  tie  plane  of  ti.t  picture, 
its  poiiitt  at  writing  dittancet  from  the  eye,  should  receive  a 

according  to  the  foregoing  principle,  it  U  the  :: 
vanced  portion  of  an  object  which  ought  to  In-  I 
colour;  this  effect 
in  the  plan,  fig.  1.  is  u 

ily  pre- 

Thus,  the  face,  directly  to  the 

light  than  the  face,  a  i  with  s  shade  whicl 

graduated  because  of  the  inclination  to  the 

is  still,  at  the  more  advanced  portion,  of  less  intensity  than  that  of 
the  latter  face.     It  is  near  the  edge,  a  d,  that  the  dill,  i 
more  sensible. 

j  lane  of 

r 
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297.  When  tico  surfaces  in  the  shade  arc  unequally  inclined, 
with  reference  to  the  direction  of  the  rays  of  light,  the  shadow  cast 
h/  any  object  should  be  deeper  upon  that  which  receives  it  more 
directly. 

Thus,  the  shadow,  a  dfe,  cast  upon  the  face,  F,  of  the  prism, 
fig.  1,  Plate  XXVI.,  should  be  slightly  stronger  than  that  cast 
upon  the  face,  G,  because  the  first  is  more  directly  presented  to 
the  light  than  the  second,  as  shown  by  the  lines,  fit  and/  c, 
fig.  7». 

These  first  principles  are  exemplified  in  the  finished  figures  on 
Plates  XXVI.,  XXVII.,  and  subsequent  ones. 

As,  in  order  to  produce  the  gradations  of  shades,  it  is  important 
to  have  some  knowledge  of  actual  colouring  or  shading  by  means 
of  the  brush,  we  shall  proceed  to  give  a  few  short  explanations  of 
this  matter. 

Two  methods  of  producing  the  graduated  shades  are  in  use — 
one  consisting  in  laying  on  a  succession  of  flat  tints ;  the  other,  in 
softening  off  the  shade  by  the  manipulation  of  the  brush. 

We  have  already  said  two  or  three  words  about  the  laying  on 
of  flat  tints,  when  treating  of  representing  sections  by  distinguish- 
ing colours.  (137.)  These  first  precepts  may  serve  as  a  basis  for 
the  first  method  of  shading,  which  is  the  less  difficult  of  the  two 
for  beginners.  In  fact,  according  to  it,  the  graduated  shade  is 
produced  by  the  simple  superposition  of  a  number  of  flat  tints. 

FLAT-TINTED   SHADING. 

298.  Let  it  be  required  to  shade  a  prism,  A,  Plate  XVII.,  with 
flat  tints  :— 

According  to  the  position  of  this  prism,  with  reference  to  the 
plane  of  projection,  as  seen  in  fig.  1,  it  appears  that  the  face,  a'  b', 
is  parallel  to  the  vertical  plane,  and  is  fully  illumined  ;  it  should 
consequently,  receive  a  clear  uniform  tint,  spread  over  it  by  the 
brush,  and  made  either  from  China  ink  or  sepia,  as  has  been  done 
upon  the  rectangle,  a,  b,  c,  d,  fig.  ^\.  When  the  surface  to  be 
washed  is  of  considerable  extent,  the  paper  should  first  be  pre- 
pared by  a  very  light  wash,  the  full  intensity  required  benr* 
arrived  at  by  a  second  or  third.    (137.) 

The  face,  b'  g',  being  inclined  to  the  vertical  plane,  and  com- 
pletely in  the  shade,  should  receive  a  tint  (294)  deepest  at  the 
edge,  b  c,  and  gradually  less  intense  towards  g  h  ;  this  is  obtained 
by  laying  on  several  flat  shades,  each  of  different  extent.  For 
this  purpose,  and  to  proceed  in  a  regular  manner,  we  recommend 
the  student  to  divide  the  face,  b'  g',  fig.  1,  into  several  equal  parts, 
as  in  the  points,  1',  2',  and  through  these  points  to  draw  lines  par- 
allel to  the  sides,  b  c,  g  h,  fig.  £\.  These  lines  should  be  drawn 
very  lightly  indeed,  in  pencil,  as  they  are  merely  for  guides.  A 
first  greyish  tint  is  then  spread  over  the  surface  comprised  between 
the  first  line,  1 — 1,  and  the  side,  b  c,  as  in  fig.  2 ;  when  this  is 
quite  dry,  a  second  like  it  is  laid  on,  covering  the  first,  and  extend- 
ing from  the  side,  b  e,  to  the  line,  2 — 2,  as  in  fig.  3.  Finally 
these  are  covered  with  a  third  wash,  as  in  fig.  <£\,  extending  to  the 
outer  edge,  g  h,  and  completing  the  graduated  shade  of  the  rect- 
angle, b  ch  g. 

The  number  of  washes  by  which  the  gradation  is  expressed, 
evidently  depends  upon  the  width  of  the  surface  to  be  shaded ; 
and  it  will  be  seen  that  the  greater  the  number  of  washes  used, 


the  lighter  they  should  be,  and  the  lines  produced  by  the  edges  of 
each  will  be  less  hard,  and  a  more  beautiful  effect  will  result. 

The  student  must  remember  to  efface  the  pencilled  guide-lines, 
as  soon  as  the  washes  are  sufficiently  dry. 

299.  This  method  of  overlaying  the  washes,  and  covering  a 
greater  extent  of  surface  at  each  succeeding  time,  is  preferable  to 
the  one  sometimes  adopted,  according  to  which  the  whole  surface, 
b  g  h  c,  is  first  covered  by  a  uniform  wash  ;  a  second  being  then 
laid  over  hi — 2  c;  and  finally,  a  third  over  the  narrow  strip, 
b  1 — 1  c.  When  the  shade  is  produced  in  this  manner,  the  edges 
of  the  washes  are  always  harder  than  when  the  washes  are  laid 
on  as  we  recommend — the  narrowest  first — for  the  subsequent 
washes,  coming  over  the  edge  of  each  preceding  one,  soften  it  to 
a  considerable  extent. 

The  face,  e  a',  fig.  1,  being  likewise  inclined  to  the  vertical 
plane,  but  being  wholly  illumined,  should  receive  a  very  light 
shade  (292),  being,  however,  a  little  bolder  towards  the  outer 
edge,  ef,  fig.  £\.  The  shade  is  produced  in  the  same  way  as  that 
of  the  face,  b'  g',  but  with  much  fainter  washes. 

300.  Let  it  be  proposed  to  shade  a  cylinder,  fig.  g,  with  a  series 
of  flat  tints  : — 

In  a  cylinder,  it  is  necessary  to  give  the  gradations  of  shade, 
both  of  the  illumined  and  of  the  non-illumined  portion.  In  refer- 
ence to  this,  it  will  be  recollected  that  the  line  of  separation,  a  b, 
of  light  and  shade,  is  determined  by  the  radius  inclined  at  an  angle 
of  45°,  as  O  a,  fig.  4,  perpendicular  to  the  ray  of  light ;  consequently, 
all  the  shadow  proper,  which  is  apparent  in  the  vertical  projection, 
fig.  U,  is  comprised  between  the  line,  a  b,  and  the  extreme 
generatrix,  c  d.  Consequently,  according  to  the  principle  already 
laid  down  (29G),  the  shade  of  this  portion  of  the  surface  should  be 
graduated  from  a  b  to  c  d,  as  was  the  case  with  the  inclined  plane 
surface,  b'  g',  fig.  1,  the  greater  intensity  being  towards  a  b. 

On  the  other  hand,  all  that  part  of  the  cylinder  comprised  be- 
tween the  line,  a  b,  and  the  extreme  generatrix, /#,  is  in  the  light ; 
at  the  same  time,  from  its  rounded  form,  each  generatrix  is  at  a 
different  distance  from  the  vertical  plane  of  projection,  and  makes 
different  angles  with  the  ray  of  light.  Consequently,  this  portion 
of  the  surface  should  receive  graduated  shades.  (292.)  To  express 
the  effect  in  a  proper  manner,  it  is  necessary  to  know  what  part  of 
the  surface  is  the  clearest  and  most  brilliant ;  and  this  is  evidently 
the  part  about  the  generatrix,  e  i,  fig.  U,  situated  in  the  vertical 
plane  of  the  ray  of  light,  R  o,  fig.  4.  In  consequence,  however, 
of  the  visual  rays  being  perpendicular  to  the  vertical  plane  and 
parallel  to  the  line,  V  O,  the  portion  which  appears  to  the  eye  to 
be  the  clearest  will  be  nearer  to  this  line,  V  O,  and  may  be  limited, 
on  the  one  hand,  by  the  line,  T  o,  bisecting  the  angle  made  by  the 
lines,  B  O  and  V  0,  and  on  the  other,  by  the  line,  R  0 ;  squaring 
over,  then,  the  points,  e  and  rn,  fig.  4,  and  drawing  the  lines,  e  i 
and  m  n,  fig.  [U,  we  obtain  the  surface,  e  i  m  n,  which  is  the  most 
illumined. 

301.  This  surface  is  bright,  and  remains  white,  when  the  cylin- 
der is  polished,  as  a  turned  iron  shaft,  for  example,  or  a  marble 
column ;  it  is  covered  with  a  light  shade,  being  always  clearer, 
however,  than  the  rest  of  the  surface,  when  the  cylinder  is  un- 
polished, as  a  cast-iron  pipe. 

302.  After  these  preliminary  observations,  we  may  proceed  to 
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CONTINUATION  OP  THE  STUDY  OF  SHADOWS. 

Plate  XXVIII. 

SHADOW  CAST  UPON  TIIE   INTERIOR  OF  A  CYLINDER. 

308.  When  a  hollow  cylinder,  as  a  steam-engine  cylinder,  a 
cast-iron  column,  or  a  pipe,  is  cut  by  a  plane  passing  through  its 
axis,  we  have,  on  the  one  hand,  a  straight  projecting  edge,  and, 
on  the  other,  a  portion  of  one  of  the  ends,  which  cast  shadows 
upon  the  internal  surface  of  the  cylinder. 

AVe  propose,  then,  to  determine  the  form,  as  projected,  of  the 
shadow  cast  upon  its  interior  bya  steam-engine  cylinder,  A, sectioned 
by  a  plane  passing  through  its  axis,  figs.  1  and  l".  In  the  first 
place,  we  seek  the  position  of  the  shadow  cast  by  the  rectilinear 
projecting  edge,  u  c,  which  is,  in  fact,  produced  by  the  intersect- 
ing plane,  b'  a'.  This  straight  line,  b  c,  being  vertical,  is  pro- 
jected horizontally  in  the  point,  b',  and  casts  a  shadow  upon  the 
cylinder,  as  represented  by  the  straight  line,  b  f,  which  is  also  ver- 
tical, and  is  determined  by  the  point,  b',  of  intersection  of  the  ray  of 
light,  b'  V,  with  the  surface  of  the  cylinder,  b'  b'  6 .  Thus,  wh.  n 
a  straight  line  is  parallel  to  a  generatrix  of  the  eglincler,  the  shadow 
cast  by  it  will  be  a  straight  line  parallel  to  the  axis.  It  is,  there- 
fore, evidently  quite  sufficient  to  find  a  single  point,  whence  the 
entire  shadow  may  be  derived. 

309.  We  next  proceed  to  determine  the  shadow  cast  upon  the 
interior  of  the  cylinder  by  the  circular  portion,  b'  e'  p',  of  the  upper 
end.  If  we  take  any  point,  e',  on  this  circle,  and  square  it  over  to 
E  in  the  vertical  projection,  and  draw  through  this  point  a  ray  of 
light,  e'  e',  E  e,  it  will  be  found  to  meet  the  cylindrical  surface  in 
the  point,  e,  which  is  squared  over  to  e,  the  length  of  the  ray 
being  equal  in  both  projections,  according  to  the  well-known  rule. 
This  applies  to  any  point  in  the  arc.  e'  f'.  The  extreme  point  on 
one  side  is  obtained  by  a  tangent  to  the  circle  in  the  point,  f',  giving 
the  point,  F,  in  the  vertical  projection  ;  the  opposite  extreme  point, 
b,  being  already  given  as  the  top  point  of  the  straight  edge,  B  c ; 
we  have,  therefore,  the  curve,  Feb,  for  the  upper  outline  of  the 
shadow  due  to  the  circular  portion,  b'  e'  f'. 

310.  If,  as  in  figs.  1  and  1",  we  suppose  the  piston,  r,  with  its 
rod,  T,  to  be  retained  unsectioned  in  the  cylinder,  we  shall  have  to 
determine  the  form  of  the  shadow  cast  by  the  projecting  part  of 
the  piston  upon  the  interior  of  the  cylinder,  and  represented  by  the 
curve,  clh  o.  For  this  purpose  we  take  any  points,  P.',  n',  o',  on 
the  circumference  of  the  piston,  and  draw  through  them,  in  both 
projections,  the  rays  of  light  which  meet  the  surface  of  the  cylinder, 
b'  b'  o',  in  the  points,  b'  h'  o',  which  are  projected  vertically  in 
dho:  the  curve  passing  through  these  points  is  the  outline  of  the 
shadow  sought.  The  curved  portions  of  these  shadows  are  ellip- 
tical. 

The  piston-rod,  T,  being  cylindrical  and  vertical,  casts  a  shadow, 
of  a  rectangular  form,  upon  the  interior  of  the  cylinder,  the  ver- 
tical sides,  ij,  h  I,  being  determined  by  the  lummar  tangents,  l  i, 
k  k',  parallel  to  the  axis. 

SHADOW  CAST  BY  ONE  CYLINDER  UPON  ANOTHER. 

311.  Let  figs.  2  and  2"  be  the  projections  of  a  convex  semi- 


cylinder,  A,  tangential   to  a  concave  semicylinder,  B,  forming  a 
pattern  often  met  with  in  mouldings. 

This  problem,  which  consists  in  determining  the  shadow  proper 
of  a  convex  cylinder,  together  with  that  cast  by  it  upon  the  surface  of 
a  concave  cylinder,  in  addition  to  that  cast  by  the  latter  upon  itself, 
is  a  combination  of  the  cases  discussed  in  reference  to  figs.  4  and 
4",  Plate  XXVI.,  and  to  figs.  1  and  l"  in  the  present  plate.  The 
operations  called  for  here  are  fully  indicated  on  the  diagram  ;  and 
we  have  merely  to  remark,  that  it  is  always  well  to  start  by  deter- 
mining the  extreme  points,  as  c',  d',  which  limit  the  shadow  proper, 
C  G,  and  cast  shadow,  dcj:  these  points  may  be  obtained  more 
exactly,  as  already  pointed  out,  by  drawing  the  radii,  o  c'  and 
d'  e,  perpendicular  to  the  luminous  rays. 

SHADOWS  OF  CONES. 

312.  In  this  branch  of  the  study,  we  propose  to  determine,  first, 
the  shadow  proper,  or  the  line  of  separation  of  light  and  shade 
upon  the  surface  of  the  cone;  second,  the  shadow  cast  by  the  cone 
upon  the  vertical  plane  of  projection ;  and,  third,  the  shadow  cast 
upon  the  cone,  and  upon  the  vertical  plane  of  projection,  by  a 
prism  of  a  square  base,  placed  horizontally  over  the  cone. 

313.  First :  We  have  laid  it  down  as  a  general  principle,  that, 
in  order  to  determine  the  shadow  proper  of  any  surface,  it  is  neces- 
sary to  draw  a  series  of  parallel  luminous  rays  tangential  to  this 
surface.  When,  however,  the  body  is  a  solid  of  revolution  gen- 
erated by  a  straight  line,  as  a  cylinder  or  a  cone,  it  is  sufficient  to 
draw  tangential  planes  parallel  to  the  luminous  rays,  to  obtain  the 
lines  of  separation  of  light  and  shade. 

In  the  case  of  the  cone  represented  in  figs.  3  and  3",  and  of 
which  the  axis,  S  T,  is  vertical,  the  operation  consists  in  drawing 
from  the  apex,  s  and  s',  two  lines,  making  angles  of  45°,  as  s  *  and 
and  s'  s',  giving,  in  the  point,  s',  the  shadow  cast  by  this  apex  upon 
the  horizontal  plane.  From  this  point  we  draw  a  straight  line,  a' s, 
tangential  to  the  base,  a'  c'  b',  of  the  cone.  This  straight  line  re- 
presents the  plane,  tangential  to  the  cone,  as  intersecting  the  hori- 
zontal plane  of  the  base;  and  the  contact  generatrix  is  then  obtained 
by  letting  fall  from  the  centre,  s',  a  radius,  s'a',  perpendicular  to 
the  line,  a  s' ;  and  this  line,  s'  a',  is  the  horizontal  projection  of  one 
of  the  lines  of  separation  of  light  and  shade.  The  vertical  projec- 
tion of  this  straight  line  is  obtained  by  squaring  over  the  point  of 
contact,  a',  to  a,  and  then  drawing  the  straight  line,  s  a.  The 
other  line,  s  b,  of  the  separation  of  light  and  shade,  is  similarly 
obtained  by  means  of  the  tangent,  s'  b '.  Its  vertical  projection  is, 
however,  not  apparent  in  fig.  3°. 

314.  Second :  The  shadow  east  by  the  cone  upon  the  vertical 
plane  is  limited,  on  the  one  hand,  by  the  line  of  separation  of  light 
and  shade,  and,  on  the  other,  by  the  portion  of  the  illumined  base 
comprised  between  the  two  separation  lines.  Now,  the  straight 
line,  S  «,  casts  a  shadow,  represented  by  the  straight  line,  s1  or,  as 
indicated  in  the  diagram ;  and  the  base,  a'  e'  c'  b',  casts  a  shadow, 
represented  by  the  elliptic  curve,  fe  d  a?,  which  is  determined  by- 
points,  as  in  the  case  considered  in  reference  to  fig.  5,  Plate  XXVI. 

315.  Third :  The  shadow  cast  by  the  lower  side,  G  h,  of  the 
rectangular  prism,  P,  upon  the  convex  surface  of  the  cone,  is  found 
in  accordance  with  the  principle  already  enunciated— that  when  a 
straight  line  is  parallel  to  a  plane  of  projection,  it  casts  a  shadow 
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by  means  of  the  sectional  plane,  m  n  ;  G2  n,  fig.  4,  is  the  shadow 
of  the  edge,  g  h,  in  that  plane,  and  it  cuts  the  circle  representing 
the  section  of  the  cone  in  the  same  plane  in  the  point,  i",  which 
is  obviously  a  point  in  the  outline  of  the  shadow. 

SHADOW  CAST  UPON  THE    INTERIOR    OF  A    HOLLOW  COKE. 

318.  Fig.  5  represents  a  plan  of  a  hollow  truncated  cone,  and 
fig.  5"  is  a  vertical  section  through  the  axis  of  the  object.  It  is 
required  to  determine  the  horizontal  projection  of  the  shadow  cast 
upon  the  internal  surface  of  the  cone  by  the  portion  of  the  edge, 
a'  B  C,  and  the  vertical  projection  of  the  shadow  cast  by  the  sec- 
tional edge,  d  s,  and  by  the  small  circular  portion,  a'  d',  projected 
vertically  in  A  d. 

It  is  to  be  observed,  in  the  first  place,  that  the  straight  line,  d  s, 
which  is  a  generatrix  of  the  cone,  casts  a  shadow  upon  the  latter, 
in  the  form  of  a  straight  line,  for  the  plane  parallel  to  the  ray  of 
light,  and  passing  through  this  line,  D  s,  must  cut  the  cone  in  a 
generatrix ;  we  therefore  draw  through  the  point,  d',  the  ray  of 
light,  d'  d',  making  an  angle  of  45°  with  the  base  line,  and  from 
the  centre,  s',  let  fall  the  perpendicular,  s'  e',  this  straight  line 
representing  the  horizontal  projection  of  the  intersection  of  the 
cone  by  the  plane  passing  through  the  line,  d'  s',  and  at  the  same 
time  parallel  to  the  ray  of  light.  By  squaring  over  the  point,  s' 
to  E,  fig.  5",  and  joining  E  s,  we  have  the  vertical  projection  of 
this  line  of  intersection,  and  consequently  the  shadow  cast  by  the 
line,  D  s.  The  diagonal  ray  of  light,  D  d,  drawn  through  the  point, 
D,  determines  the  limit,  d,  of  the  shadow.  The  horizontal  projec- 
tion of  the  extreme  points,  a'  and  c,  of  the  curved  outline  of  the 
shadow,  is  also  obtained  by  means  of  the  tangents,  s  a  and  s'  c, 
drawn  from  the  point,  s,  in  which  the  ray  of  light  passing  through 
the  apex  intersects  the  plane  of  the  base  of  the  cone.  The  deter- 
mination of  the  central  or  symmetrical  point,  V,  of  the  same  curve, 
is  derived  from  the  straight  line,  D  b,  drawn  from  the  point,  D, 
parallel  to  the  ray  of  light,  S  R",  as  in  the  diagonal  plane,  that 
is,  as  at  S  R^  ;  the  point,  6,  in  which  this  straight  line  meets  the 
generatrix  directly  opposite  to  that  passing  through  the  point,  D, 
is  projected  horizontally  in  the  point,  b',  upon  the  prolongation  of 
the  diagonal  ray  of  light,  s'  s'. 

319.  The  operation  for  finding  any  intermediate  point  in  the 
curve,  is  based  on  principles  already  explained  ;  namely,  that  when 
a  line  or  a  surface  is  parallel  to  a  plane,  the  shadow  cast  is  also 
a  line  or  a  surface  equal  and  parallel  to  the  first.  If,  then,  we 
draw  a  plane,  M  N,  parallel  to  the  base,  d  f,  of  the  cone,  the 
shadow  cast  by  this  base  upon  the  plane,  m  n,  will  be  a  circle ;  it 
will  consequently  be  sufficient  to  draw  through  the  centre,  o,  fig. 
5",  a  ray,  o  a,  which  will  meet  the  plane,  m  n,  in  a,  which  must 
be  squared  over  to  a',  on  the  horizontal  projection  of  the  same 
ray.  Next,  with  the  point,  a',  for  a  centre,  and  with  a  radius 
equal  to  D  O,  describe  a  circle,  n'  I  J  ;  this  will  represent  the  entire 
shadow  that  would  be  cast  by  the  base,  D  F,  of  the  cone  upon  the 
plane,  M  n  ;  this  plane,  however,  cuts  the  cone  in  the  circle,  of 
which  M  N  is  the  diameter  and  vertical  projection,  whilst  h'  m'  j  N' 
is  the  horizontal  projection  ;  this  circle  is  cut  by  the  former  in  the 
points,  h'  and  j,  which  are  consequently  two  points  in  the  out- 
line of  the  shadow  in  fig.  5,  and  the  one  of  these  which  is  seen  in 
the  vertical  projection  is  squared  over  to  H,  upon  the  line,  M  N. 


APPLICATION'.- 


320.  In  this  plate,  as  well  as  in  Plate  XXVI.,  we  have  given 
shaded  and  finished  representations  of  several  objects,  which  serve 
as  applications  of  the  several  principles  we  have  just  pointed  out 
whether  referring  to  shadows  proper,  or  cast,  or  to  graduated  shad- 
ing. Thus,  fig.  A  represents  the  interior  of  a  steam-engine  cylinder 
with  piston  and  rod.  In  this  example,  regard  has  been  had  to 
the  general  principle,  that  shadows  are  the  stronger  the  brighter 
the  surfaces  on  which  they  fall  would  be,  if  illumined — that  is, 
when  such  surfaces  are  perpendicular  to  the  rays  of  light,  any 
shadow  cast  upon  them  will  be  most  intense  ;  the  shade  is  conse- 
quently made  deepest  about  the  generatrix,  corresponding  to  G  h, 
in  fig.  1",  and  situate  in  the  vertical  plane  of  the  rays  of  light  pass- 
ing through  the  axis  of  the  cylinder :  to  the  right  and  left  of  this 
line,  the  shade  is  softened  off. 

321.  In  the  graduation  of  the  shade,  regard  has  also  been  had 
to  the  effects  of  the  reflected  light,  which  prevents  a  surface  in  the 
shade  from  being  quite  black.  In  a  hollow  cylinder,  for  the  por- 
tion in  the  shade,  it  is  the  generatrix,  F  F3,  fig.  1",  which  should 
receive  the  shade  of  least  Intensity,  as  it  receives  the  reflected 
rays  of  light  more  directly.  It  will  be  recollected  that  the  point 
f',  is  obtained  by  means  of  the  radius,  t  f',  perpendicular  to  the 
ray  of  light. 

Fig.  [g  represents  a  portion  of  a  common  moulding,  and  shows 
how  the  distinction  made  between  the  shadow  proper,  and  the 
cast  shadow,  tends  to  bring  out  and  show  the  form  of  the  object. 

Fig.  (g  is  an  architectural  fragment  from  the  Doric  order,  given 
as  an  application  of  shadows  cast  upon  cones,  as  well  as  those  cast 
by  cones  upon  a  vertical  plane. 

This  example  also  shows  how  necessary  it  is,  in  producing  an 
effective  representation,  to  make  a  difference  in  the  intensity  of 
shadows  cast  upon  planes  parallel  to  the  plane  of  projection,  and 
at  different  distances  from  the  eye ;  and  also  to  give  gradations 
to  such  shadows  when  cast  upon  rounded  surfaces. 

Fig.  [g)  is  a  combination  of  a  cylinder  with  a  couple  of  cones, 
with  their  apices  in  opposite  directions,  showing  how  differently 
the  effects  of  light  and  shade  have  to  be  rendered  upon  each. 

There  is  less  shadow  upon  the  upper  cone  than  upon  the  cylinder, 
whilst  there  is  more  upon  the  lower  cone ;  the  reasons  of  these 
differences  have  already  been  explained  in  reference  to  figs.  3" 
and  4". 

Fig.  H  represents  an  inverted  and  truncated  cone,  showing  the 
manner  of  shading  the  same,  and  the  form  of  the  shadow  cast  by 
the  square  tablet  above ;  and  fig.  IF  is  a  view  of  a  hollow  cone,  sec- 
tioned across  the  axis,  presenting  a  further  variety  of  combinations. 


TUSCAN   ORDER. 
PLATE  XXIX. 

SHADOW     OF     THE     TORUS. 

322.  In  geometry,  the  torus  is  a  solid,  generated  by  a  circle, 
revolving  about  an  axis,  continuing  constantly  in  the  plane  of  this 
axis,  in  such  a  manner,  that  all  sections  made  by  planes  passing 
through  the  axis  are  equal  circles,  and  all  sections  by  planes  per- 
pendicular to  the  axis  will  also  be  circles,  but  of  variable  diameters. 
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SHADOW    CAST    BY   A   STRAIGHT    LINE    UPON    A    TORUS    OR 
QUARTER-ROUND. 

32G.  Fig.  3  represents  the  horizontal  projection,  as  seen  from 
below,  of  a  fragment  of  a  Tuscan  capital,  of  which  fig.  3"  is  the 
vertical  projection,  the  object  of  these  figures  being  to  show  the 
form  of  the  shadow  cast  by  the  larmier,  f,  which  is  a  square  prism, 
upon  the  quarter-round,  a,  which  is  annular. 

We  yet  again  recall  the  general  principle,  that  when  a  straight 
line  is  parallel  to  a  plane,  its  shadow  upon  this  plane  is  a  straight  line 
parallel  to  itself.  For  the  rest,  it  will  be  sufficient  to  compare  the 
operations  indicated  with  those  of  figs.  3  and  3",  Plate  XXVIII., 
to  see  that  they  are  precisely  the  same :  thus,  on  the  one  hand,  we 
have  the  diagonal,  of,  for  the  shadow  cast  upon  the  quarter-round, 
where  it  is  limited  by  the  curve,  b  el,  the  line  of  separation  of 
light  and  shade  upon  this ;  and,  on  the  other  hand,  we  have  the 
curve,  i"  g  i't  likewise  limited  by  the  same  curve,  for  the  shadow 
cast  by  the  edge,  g  h,  of  the  larmier  upon  the  quarter-round. 

Figs.  3  and  3"  complete  what  refers  to  the  shadow  of  the  capital 
of  a  column ;  they  show  the  operations  necessary  to  determine  the 
shadow  cast  by  the  line  of  separation  of  light  and  shade  of  the 
quarter-round  upon  a  cylinder,  as  well  as  that  cast  on  the  same 
cylinder  by  a  portion  of  the  larmier.  The  operation,  in  fact,  simply 
consists  in  drawing  the  luminous  rays  through  various  points,  i"  e, 
in  a  portion  of  the  line  of  separation  of  light  and  shade  upon  the 
quarter-round,  finding  their  intersection  with  the  cylindrical  sur- 
face of  the  shaft,  E,  by  means  of  the  horizontal  projection.  There 
is  no  peculiarity  or  difficulty  in  this  procedure,  and  the  whole 
being  fully  indicated  upon  the  diagrams,  we  need  not  pause  to 
detail  it  further. 

To  render  the  diagrams  just  discussed  more  generally  applicable 
and  intelligible,  we  have  not  given  to  the  different  parts  the  precise 
proportions  prescribed  by  this  or  that  architectural  order ;  such 
proportions,  however,  will  be  found  in  fig.  £\,  which  represents  the 
model  fully  shaded  and  finished,  being  the  entablature  and  column 
of  the  Tuscan  order.  A  double  object  is  intended  to  be  gained 
by  this  beautiful  example  of  drawing;  namely,  to  show  the  appli- 
cation of  the  principles  laid  down  regarding  shadows,  and  the  dis- 
tinctness and  niceties  to  be  observed  in  the  various  intensities  of 
the  washes,  and  in  the  general  shading. 

SHADOWS  OF  SURFACES  OF  REVOLUTION. 

327.  It  will  be  recollected,  that  a  solid  or  surface  of  revolution 
is  that  which  may  be  said  to  be  generated  by  a  straight  or  curved 
line,  caused  to  turn  about  a  given  fixed  axis,  and  maintaining  a 
uniform  distance  therefrom ;  thus,  the  cylinder,  the  cone,  the 
sphere,  the  torus,  are  all  surfaces  of  revolution ;  so,  also,  is  the 
surface  generated  by  the  curve,  ab  c,  revolving  about  the  axis, 
A  B,  figs.  4  and  4".  It  follows,  from  the  above  definition,  that 
every  section  made  perpendicularly  to  the  axis  will  be  a  circle, 
and  all  such  sections  will  be  parallel.  Every  section  made  by  a 
plane  passing  through  the  axis  will  give  an  outline  equal  to  the 
generating  curve,  and  which  may  be  termed  a  meridian. 

328.  The  shadow  of  a  surface  of  revolution  may  be  determined 
in  two  different  ways :  by  drawing  sectional  planes  perpendicular 
to  the  axis,  and  then  considering  the  sections  made  by  these 
planes  as  bases  of  so  many  right  cones ;   or  by  imagining  a  series 


of  planes  passing  through  the  axis,  and  then  projecting  the  ray  of 
light  upon  these  planes,  so  as  to  draw  lines  tangential  to  the  dif- 
ferent parts  of  the  outline,  and  parallel  to  the  projections  of  the 
ray  of  light,  the  points  of  contact  of  which  will  be  points  in  the 
line  of  separation  of  light  and  shade  sought.  This  latter  method 
having  been  applied  in  the  preceding  figs.  1  and  1",  Plate  XXIX., 
and  figs.  3  and  4,  Plate  XXVIII.,  we  deem  it  more  useful,  in  the 
present  instance,  to  explain  the  operations  called  for  in  the  first 
method. 

Take,  then,  any  horizontal  plane,  b  d,  figs.  4  and  4",  cutting  the 
surface  of  revolution  in  a  circle,  the  radius  of  which  is  b  e,  and 
the  horizontal  projection  V  e  d',  through  the  points,  b  and  d,  draw 
a  couple  of  tangents  to  the  generating  curve  which  forms  the  out- 
line of  the  surface  of  revolution.  These  tangents  will  cut  each 
other  in  the  point,  s,  upon  the  axis,  this  point  being  the  apex  of 
an  imaginary  cone,  s  b  d;  through  this  apex  draw  a  luminous  ray, 
sf  and  a'  V,  meeting  the  horizontal  plane  of  the  section,  b  df, 
in  /,  /' ;  from  this  latter  point,  the  horizontal  projection,  draw 
two  straight  lines,  /'  g  and  f  i\  tangents  to  the  circle,  b'  c  d' ; 
then  the  points  of  contact,  g'  and  i',  will  be  the  two  points  of  the 
line  of  separation  of  light  and  shade  intersected  by  the  plane,  b  d, 
and  they  are  therefore  squared  over  to  the  vertical  projection, 
fig.  4",  i,  only  being  there  visible. 

It  is  in  a  similar  manner  that  the  points,  k  and  /',  are  deter- 
mined, these  points  being  situated  in  planes,  c  d  and  e  f,  parallel 
to  the  first.  It  is  to  be  observed,  however,  that,  in  these  two  last 
cases,  the  imaginary  cones  will  be  inverted,  and  the  luminous  ray 
must  consequently  be  drawn  to  the  left  instead  of  to  the  right,  as 
has  already  been  explained  in  reference  to  figs.  3"  and  4",  Plate 
XXVIII. 

329.  When  the  tangents  to  the  generating  curve  are  vertical, 
as  is  the  case  with  the  sectional  planes,  m  n  and  a  I,  the  points, 
m  and  n,  of  the  line  of  separation  of  light  and  shade,  are  deter- 
mined by  lines,  inclined  at  an  angle  of  45D,  and  tangential  to  the 
circular  sections  in  the  horizontal  projection,  because  these  cir- 
cular sections  are  the  bases  of  imaginary  cylinders  and  not  cones. 

"When  a  sufficient  number  of  points  have  been  obtained  in  this 
manner,  as  in  fig.  4",  a  curved  line  is  drawn  through  them  all, 
which  will  give  the  visible  portion,  m  i  n  hjE,  of  the  line  of  sepa- 
ration of  light  and  shade  upon  the  surface  of  revolution.  This 
method  is  general,  and  may  be  applied  to  surfaces  of  revolution  of 
any  outline  whatever. 

As  it  is  well  to  determine  directly  the  lowest  point,  /.-,  of  this 
and  similar  curves,  it  may  be  done  in  the  same  manner  as  for  the 
torus,  figs.  1  and  1",  namely,  by  drawing  the  ray  of  light,  R  B,  at 
the  same  inclination  to  the  base  line,  as  it  is  in  the  diagonal  and 
vertical  plane,  and  then  drawing  parallel  to  it  a  tangent  to  the 
outline  of  the  surface  of  revolution,  the  projection  for  the  moment 
being  supposed  to  be  in  a  plane  parallel  to  the  ray  of  light,  r'  a'  ; 
the  distance  of  the  point  of  contact,  k,  from  the  axis,  being  then 
measured  upon  the  horizontal  projection,  r'  a',  of  the  luminous 
ray,  gives  the  point,  //,  which  is  finally  squared  over  to  h,  in  the 
horizontal  line  in  the  vertical  projection  passing  through  the 
same  point  of  contact. 

A  portion  of  this  curve,  namely,  the  lower  part,  e  hj,  casts  a 
shadow  upon  the  cylindrical  fillet,  c  o ;   to  determine  this  shadow) 
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iled  models  of  two  descrip- 
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nead  the  student  to  draw  them  upon  a  large  scale,  and  t 
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will  be   met   witli   in  .-.  :    but   our   labours  would  be 

intermit!  to  give  them  all.     Our  exemplifications 

.!!  the  principles  that  are  D  'i  case  will  sug- 

gest the  modification  of  operations  applicable  to  it. 


RULES  AND  PRACTICAL  DATA. 


831 .  There  are  three  kinds  of  pumps. 

I.  /.■'  which  tin'  pi-ton  or  bucket  lifts  the  water, 
first  drawing  it  up  by  suction.     V.  ■  ire  one  of  thi.-  kind  in 

\  \\  II. 

II.  Forcing  ptanp*,  m  which  the  | 
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all  valves  having  a  great  body  of  water  above  them,  and  with  their 
upper  surface  greater  than  the  area  of  the  orifice  below. 

LIFTING   AND   FORCING   PUMPS. 

336.  A  pump  of  this  description  ordinarily  consists  of  a  cylin- 
der with  a  short  suction  pipe,  a  discharge  pipe,  a  solid  piston, 
termed  a  plunger,  and  suction  and  discharge  valves. 

Two  such  pumps  are  frequently  coupled  together,  in  which  case 
a  single  suction  and  discharge  pipe  serves  for  both. 

337.  The  power  necessary  to  work  one  or  more  pumps  is  ex- 
pressed by  52-5  D2  H  v;  or,  taking  into  account  the  force  neces- 
sary to  work  the  piston  by  itself,  55-7  D2  II  v ;  v  signifying  the 
velocity  in  feet  per  minute. 

This  velocity  is  obviously  obtained  by  multiplying  the  number 
of  strokes  per  minute  by  the  length  of  stroke ;   thus — 

v  =  In  I, 
n  being  the  number  of  back-and-forward  movements  per  minute  ; 
consequently,  the  power  required  is  equal  to 

55-7  D"  II  X2»i=  111-4  D2  II  n  I- 
this  product  representing  pounds  raised  one  foot  high  per  minute, 
the  measurements  being  in  feet. 

With  these  premises,  we  can  solve  such  problems  as  the  fol- 
lowing : — 

First :  What  force,  F,  is  required  to  work  a  pump,  having  a 
piston  G  inches  in  diameter,  a  stroke  of  18  inches,  and  a  velocity 
of  15  double-strokes  per  minute ;  the  whole  height  between  the 
well  and  the  point  of  delivery  being  70  feet  ? 

The  velocity  v  =  2ra  I  =  30  X  U  =  45  feet.  Then  F  = 
55-7  D2  X  H  X  v  =  55-7  X  -25  X  75  X  45  =  46,997  lbs. 
raised  one  foot  high  per  minute. 

To  express  this  in  horses  power,  we  must  simply  divide  it  by 
33,000;  therefore, 

46>9;>7 

=  33  ooo" =         es  power'  nearIy- 

Second  :  What  quantity  will  the  same  pump  raise  in  ten  hours? 
Assuming,  according  to  the  formula  (333),  the  effective  volume, 
V  =  -6  D2 1,  or  V  =  -6   X  -25  X  15  =  -225  cubic  feet  per 
stroke ; 
and  the  volume  per  minute, 

■225  X  15  =  3-375  cubic  feet ; 
and  per  hour, 

3-375  X  60  =  202-5  cubic  feet. 
The  quantity  of  water  raised  in  ten  hours  will  consequently  be 
202-5  X  10  =  2,025  cubic  feet. 
Third  :  What  diameter  should  be  given  to  the  piston  of  a  pump 
which  raises  202-5  cubic  feet  of  water  per  hour,  the  velocity  being 
45  feet  per  minute,  the  length  of  stroke  18  inches,  and  the  height 
to  which  the  water  is  raised  75  feet  ? 

The  formula  above,  relative  to  the  effective  discharge  per  stroke, 
V  =  -6  D2  X  I, 
by  transposition,  becomes 

V 


IV 


•6  X  I. 

Now,  the  volume,  202-5  cubic  feet,  discharged  per  hour,  is,  per 
minute,  202-5 


This  last  again  reduces  itself  to 
2  X  15  X  3-375 


45 


consequently, 
Whence, 


=  -225  cubic  feet  per  stroke ; 
•225 


•6  X  I. 


V    '6  x 


1-5 


5  feet  6  inches. 


60 


=  3-375  cubic  feet. 


THE    HYDROSTATIC    PRESS. 

338.  This  powerful  machine  is  an  application  of  the  lifting 
and  forcing  pump.  It  consists  of  a  bulky  piston,  or  plunger, 
termed  a  ram,  working  in  a  cylinder  to  correspond,  and  com- 
municating, by  a  pipe  of  small  bore,  with  a  small  but  very  strong 
forcing  pump.  To  the  top  of  the  large  piston  is  fixed  a  table 
or  platform,  which  compresses  or  crushes  what  is  submitted  to 
the  action  of  the  machine. 

The  pressure  exerted  upon  the  -water  by  the  smaller  piston, 
is,  by  means  of  the  fluid  contained  in  the  pipe,  transmitted  to 
the  base  of  the  ram ;  and  as,  according  to  the  well-known  hydro- 
static law,  the  pressure  is  equal  on  all  points,  the  total  force 
acting  on  each  piston  will  be  in  proportion  to  their  area;  so  that 
if,  for  example,  the  diameters  of  the  pistons  are  to  each  other  as 
1  to  5,  the  pressure  on  the  larger  one,  the  ram,  -will  be  25  times  as 
great  as  that  exerted  by  the  pump-piston.  Suppose  a  man  can 
apply  a  force  equal  to  60  lbs.  to  the  end  of  a  lever  3  feet  long, 
and  that  the  point  of  connection  with  the  piston-rod  is  only  11 
inch  from  the  fulcrum,  the  leverage  of  the  power  will  be  24 
times  as  great  as  that  of  the  resistance,  and  the  pressure  upon 
the  ram  will  consequently  be  24  X  25  X  60  =  36,000  lbs.,  an 
effort  equal  to  that  of  GOO  men  acting  at  once. 

In  the  hydrostatic  press,  we  have,  consequently,  to  consider 
two  mechanical  advantages — that  of  the  simple  machine,  the  lever, 
and  that  of  the  ram  :  these  advantages  are,  however,  necessarily 
compensated  for  by  the  diminution  in  the  velocity  of  the  ram. 

On  these  principles,  enormously  powerful  presses  and  lifting- 
machines  have  been  constructed.  The  one  capable  of  lifting  18,000 
tons,  at  the  Menai  Tubular  Bridge,  is  an  unparalleled  example. 

nYDEOSTATICAL   CALCULATIONS    AND    DATA — DISCHARGE    OF 
WATER   THROUGH    DIFFERENT    ORIFICES. 

339.  The  discharge  of  a  volume  of  water,  in  a  given  time, 
varies  according  to  the  velocity  of  the  water,  and  depends  upon 
the  area  and  form  of  discharge  orifice. 

Surface  Velocity. — The  velocity  of  water  at  the  surface  of  a  water- 
course or  river,  of  which  it  is  wished  to  ascertain  the  discharge,  is 
obtained  by  means  of  a  float,  which  is  thrown  into  the  part  where 
the  current  is  strongest.  As  the  wind,  if  there  is  any,  affects  the 
result  very  considerably,  the  floats  must  project  above  the  surface 
as  little  as  possible.  A  distance  of  as  great  a  length  as  convenient 
is  measured  on  the  part  of  the  stream  where  the  current  is  most 
regular,  and  the  time  occupied  by  the  float  in  passing  that  dis- 
tance is  noted  by  a  seconds  watch.  The  space  passed  through 
is  then  divided  by  the  time  expressed  in  seconds,  and  the  quotient 
will  be  the  surface  velocity  per  second. 
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uniform  i  rmined  by  the  following  formula: — 


V'=  66-86  xV'j.X  , 


■  rmnla  requires  the  obtainmenl  of  the  exact  level  of  the 
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342.    i  t  at  the  bottom  of  water-courses  is 

ity. 
Puttie  f  V  to  repi      nt  the  inrfa 
city,  and  V    the  ground  velocity,  the  relation  of  the  three  will  be 

i  by  V    bb  2  V       V.    Thai 
the  bottom  of  a  canal  is  equal  to  ( •■  ty  ndnui 

the  sin; 

• 
be  -  metres,  and  the  mean  velocity  • 
what  is  the  ground  \. ' 

V  '  =  •_•  x  1-56-  2  =  l-10n 

at  the  bottom   of  B 

loosen  and  ean-v  away  the  bed,  undermining  the  side*  an  1  c  lusing 

.  i'ii  the  "tin  r  hand, 
by  allowing  the  matter  suspended  in  the  wal  a  cause 

of  obstruction. 

nature  of  the  bed,  which  cam    I  i  without  danj 


N.-ilnrv  ..: 


Il 












I.lmlt  of  th<-  Vcloctljr  peri 


1 
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is  maintained  above  their  centres;  so  that  when  this  is  effected, 
the  discharge  is  calculated  from  the  number  of  orifices  which 
require  to  be  open. 

The  quantity  of  water  discharged  by  each  orifice  of  '02  m.  in 
diameter,  in  a  board  -017  m.  thick,  and  under  a  column  '03  m. 
above  the  centre,  is  20  cubic  metres  in  24  hours. 

Another  method  of  guaging  a  stream  of  water,  consists  in  set- 
ting up  an  under  or  overshot  sluice-gate  at  a  similar  dam,  the  dis- 
charge being  calculated  according  to  the  following  rules  in  refer- 
ence to  this  subject : — 


CALCULATION   OF   THE    DISCHARGE    OF    WATER    THROUGH 
RECTANGULAR    ORIFICES    OF    NARROW    EDGES. 

344.  As  it  is  of  importance,  in  a  majority  of  circumstances,  to 
be  able  to  calculate  the  discharge  of  water  by  sluice-gates,  or  by 
the  vertical  discharge-gates  of  hydraulic  motors,  so  as  to  know  the 
volume,  and,  consequently,  the  value  of  a  stream  of  water,  we  shall 
commence  by  giving  a  table,  which  enables  us  to  determine  this 
discharge  in  a  very  simple  manner,  and  places  these  operations 
within  the  capacity  even  of  labourers  and  working  mechanics. 


TABLE  OF  THE   DISCHARGES  OF  WATER  THROUGH   AN    ORIFICE  ONE   METRE   IN    WIDTH. 


Height 

of  the 

Volume  discharged  in 

litres  per  second, 

■orresnon 

mg  to  the  height 

in  centi- 
metres. 

•2  m. 

•3  m. 

•4  m. 

■5  m. 

•6  m 

■7  m. 

■Sm. 

10  m. 

1-2  m. 

Wm. 

Km. 

ISm. 

,0m.| 

2-5  m. 

30  m. 

Mm. 

40  m. 

4 

50 

61 

71 

79 

86 

93 

99 

110 

121 

130 

138 

146 

154 

172 

188 

201 

215 

5 

62 

76 

8S 

98 

107 

116 

124 

138 

151 

162 

173 

182 

191 

214 

255 

251 

208 

G 

75 

91 

107 

117 

12S 

139 

148 

165 

181 

194 

207 

218 

229 

257 

281 

301 

321 

7 

86 

106 

122 

136 

148 

101 

172 

192 

210 

226 

241 

255 

267 

299 

327 

350 

374 

8 

98 

120 

139 

155 

170 

184 

196 

219 

240 

258 

275 

290 

305 

341 

374 

400 

427 

9 

109 

135 

156 

174 

191 

208 

220 

246 

267 

289 

309 

320 

343 

382 

420 

450 

481 

10 

122 

149 

173 

193 

212 

22S 

246 

272 

298 

321 

342 

362 

380 

424 

466 

500 

533 

11 

133 

1G4 

189 

212 

230 

249 

267 

299 

327 

353 

376 

398 

418 

466 

511 

550 

587 

12 

145 

178 

206 

230 

251 

272 

291 

326 

356 

384 

409 

434 

455 

507 

557 

599 

640 

13 

157 

192 

222 

249 

272 

294 

314 

352 

385 

416 

443 

4G9 

492 

549 

602 

047 

093 

14 

168 

206 

238 

267 

292 

316 

338 

379 

414 

440 

470 

504 

530 

590 

048 

697 

745 

15 

179 

220 

255 

285 

312 

338 

361 

405 

443 

477 

509 

539 

566 

G31 

693 

747 

799 

10 

190 

234 

271 

304 

330 

360 

385 

432 

472 

509 

542 

574 

603 

673 

739 

797 

852 

17 

201 

248 

287 

322 

350 

382 

414 

456 

501 

540 

575 

610 

638 

715 

784 

847 

905 

18 

213 

262 

304 

340 

370 

403 

432 

484 

529 

571 

608 

044 

077 

757 

830 

896 

958 

19 

223 

276 

324 

358 

392 

425 

454 

510 

558 

G01 

641 

680 

715 

799 

876 

946 

1011 

20 

235 

291 

337 

377 

414 

447 

485 

536 

586 

627 

075 

715 

753 

841 

922 

996 

1005 

21 

247 

305 

354 

396 

431 

470 

512 

563 

615 

6G4 

708 

751 

790 

884 

908 

1046 

1118 

22 

259 

320 

370 

417 

451 

492 

538 

590 

645 

695 

742 

787 

828 

926 

1014 

1096 

1171 

23 

271 

334 

388 

434 

472 

515 

550 

616 

674 

726 

776 

823 

865 

968 

1000 

1146 

1224 

24 

282 

348 

404 

452 

492 

537 

574 

643 

703 

758 

809 

859 

903 

1010 

1106 

1195 

1278 

25 

294 

363 

420 

471 

516 

559 

598 

670 

733 

790 

843 

895 

941 

1052 

1152 

1245 

1331 

26 

306 

377 

437 

490 

538 

581 

C26 

697 

762 

822 

877 

930 

978 

1094 

1198 

1295 

1384 

27 

318 

392 

454 

509 

559 

604 

645 

724 

791 

853 

911 

966 

1016 

1136 

1245 

1345 

1437 

28 

329 

406 

471 

527 

573 

626 

679 

740 

820 

885 

944 

1001 

1054 

1172 

1291 

1395 

1491 

29 

340 

421 

487 

546 

602 

649 

693 

777 

850 

916 

978 

1037 

1092 

1220 

1337 

1444 

1544 

30 

353 

434 

504 

564 

624 

670 

718 

804 

880 

948 

1010 

1073 

1129 

1262 

1385 

1494 

1597 

31 

364 

449 

521 

583 

635 

694 

741 

831 

909 

980 

1046 

1109 

1167 

1305 

1429 

1544 

1050 

32 

376 

463 

538 

602 

655 

715 

765 

857 

939 

1011 

1079 

1144 

1205 

1366 

1475 

1594 

1703 

33 

388 

477 

555 

622 

676 

737 

789 

884 

969 

1043 

1113 

1180 

1242 

13S9 

1521 

1644 

1756 

34 

400 

491 

572 

640 

GOG 

759 

813 

911 

998 

1074 

1147 

1210 

1279 

1431 

1568 

1693 

1810 

35 

415 

507 

588 

659 

717 

782 

837 

938 

1027 

1103 

1180 

1252 

1317 

1473 

1614 

1743 

1863 

3G 

424 

520 

605 

677 

737 

804 

861 

965 

1057 

1138 

1214 

1288 

1355 

1515 

1660 

1793 

1916 

37 

436 

534 

622 

696 

758 

826 

885 

981 

1086 

1169 

1248 

1324 

1392 

1557 

1706 

1843 

19G9 

38 

450 

549 

638 

715 

778 

849 

909 

1018 

1115 

1201 

1283 

1359 

1430 

1599 

1752 

1893 

2023 

39 

462 

564 

653 

734 

798 

872 

933 

1045 

1145 

1232 

1315 

1395 

1468 

1641 

1798 

1943 

2076 

40 

484 

577 

671 

753 

819 

894 

957 

1070 

1174 

1266 

1351 

1431 

1506 

1683 

1844 

1992 

2129 

41 

591 

688 

772 

840 

915 

981 

1097 

1203 

1298 

1384 

1467 

1543 

1725 

1890 

2042 

2182 

42 

.. 

606 

705 

790 

860 

936 

1005 

1124 

1233 

1329 

1419 

1503 

1581 

1768 

1936 

2092 

2236 

43 

C20 

722 

809 

881 

961 

1028 

1151 

1262 

1361 

1453 

1538 

1618 

1809 

1982 

2142 

2289 

44 

., 

635 

737 

828 

901 

983 

1053 

1171 

1291 

1393 

I486 

1574 

1656 

1851 

2029 

2192 

2343 

45 

,, 

649 

754 

847 

920 

1005 

107G 

1204 

13S1 

1424 

1520 

1609 

1694 

1894 

2075 

2241 

2394 

4G 

,. 

663 

771 

866 

941 

1028 

1100 

1231 

1350 

1456 

1554 

1636 

1731 

1936 

2121 

2291 

2449 

47 

677 

787 

885 

961 

1050 

1124 

1257 

1380 

1488 

1588 

1681 

1769 

1978 

2167 

2341 

2504 

48 

n 

691 

804 

903 

982 

1072 

1148 

1284 

1409 

1519 

1622 

1716 

1807 

2020 

2213 

2391 

2559 

49 

706 

820 

922 

1002 

1095 

1172 

1311 

1438 

1651 

1656 

1753 

1845 

2062 

2339 

2440 

2G14 

50 

» 

719 

836 

940 

1023 

1115 

1194 

1337 

14G8 

1583 

1690 

1789 

1882 

2104 

2305 

2490 

20G9 
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of  the  following  for- 
mula:— 

I»  =  •■/.  v  1000; 

in  which 

•    volume  (if  v  :  'DCOIlJ  ; 

tr,  the  width 

h.  the  i 

: Measured 

fr'>n  i!ic  re- 

I  res ; 
r,  =  v'  58)  J  and, 

finally, 

in  prnciiro  aocordin 
A  nn<l  II,  fi  ^f  the 

Olifli  ih.it  is  to  say,  it  occurs  on  all  four 

■  ' 

In  the  first  column  ta  of  the 

and  in  the  following  columns  the  i 

rious  heights  of 

determine,  by  ■  very  simple 
the  volume  of  water  d  ugh  a  vertical 

■-.  i>r  through  orifice,  of  which  tl 

rvoir   being  above   the  top 

md  the  contraction  complete.     We  hare,  in  fait, 

■imply  to  find  iff  »•'  ting  to  the  given 

iilt/i. 
What  i-  the  volume  of  water  discharged  by  the 

M  of  the 

25  in.,  and  the  height  of  the  column,  from  the  ci  ntre 

of  the  orifli  ■•  i"  the  upper  level  in  the  re*  rvoir,  2*5  m.,  and  the 

plcte  ? 

In  the  table,  on  a  line  with  the  height,  25  centimetres,  and  in 

hi  correapon  .  will  lie  found  the  number 

We  have,  therefore, 
1">  x  1052  —  1578  litre*  for  the  i 
It  will  be  eqi  iraately  the  dis- 

i  ita  which  di i  happen  to  be 

in  the  table. 

\\  hat  ii  the  volnn f  water  discharged  by  a 

in.  in  width,  the  height  of  the  oriAce  being 

•  in.,  and  the  column  upon  thi  •  ■  m.  ? 

This  height  of  column,  2-76  m..  ii  not  in  the  table,  but  it  lie? 

ling  to  2-6  in.  and  8  m. ;  consequently,  the 

16c,  will  I"-  comprised  bi  twi  en 

,  ,i  will  1m  about  706 :  thi  n  fore  the 

I  x  *8  =  864  ond. 

Suppose    ili"  hi  ighl  of  the   i  rifice    to   be 

A 

I  and  IT  centimetres,  the  die- 
■  678  and 

the  num- 


►e  four  numbers ; 

or — j -I—     =  727-76  litres. 

Whence  we  obtain  727  7.'.  X  "8  =  effective 

1  :i  one  or  umre  sides  of 

the  reser- 

uud  the 

In  this  case,  in  order  to  calculati 

numb  i  i  by 

•  if  the  contraction  is  only  on  one  ■ 

two 

:    ■ 
/ 

i  in.  in  width,  and  with  »  column  of 
■8  m.,  measured  from  tl  lof  tha 

Opening  brine  in  a  line  with  tl  thai  is 

the  ' traction  takii 

It  will  be  found,  according  to  the  table,  thai  tl 
litres  for  a  width  of  one  mi  I 
598  X   1*3  =  777  litres,  is  the   di-  I  in.,   when  the 

contraction  ii  complete.     Wi  I  .-•     tbei     n    7.7  \  | 
804  litn-.  the  actual  discharge  >■  agbt. 

.  ■  rv  often  happens  that  the 
is  inclined.     In  this  ease,  if  thei 
i  or  bottom  of  the  orifice,  the  coefficient  needs  to  be  con- 
siderably augmented.     Thus,  to  calculate  the  effective  discharge, 
to  multiply  the  numbers  in  the  preceding  table  by 
1*33,  if  the  sluice  i-  inclined  at  an  angle  of  45  .  or  with  1  n 
base  to  1  in  height,  and  by  1*28,  if  the  in  1 

red  to  know  i1 
through  an  orifice  inclined  at  an  ai  iving    17  m.  in 

i  in.  in  width,   and  at    n  distani  B  of    1  -  ill. 

below  the  aurfiu f  the  reservoir  i  the  two  and  the 

hi  a  line  with  the  .-i  l  \.ir. 

the  table  we  sh  ill  find  8  18  x  1*26  =  I 

consequently,  622-5  X  1-38  =  828  hires  will  b 
dischi  i 

:;i7.  Win  ii  vertical 

bottom  of  thi  to  dab  i 

mine  the  'Ii"  h 

.  i  0  i 
/  What  ia  thi  volume  of  water  dischai 

by  a  sluii  of  which  is  op<  m  1  to  a  hi 

9  in.  in  width,   and   2'5  in.    1»  ing    the    distance   from    the 

centre  to  the  upper  I  ■ 

'Ih.  i 
an  orifice  of  a  metre  In  width.     Whence  1,699  x  '8  x  1-04  — 

in. 
When  two  'i  !  more  than  throe  n 

• 
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Multiplying  the  numbers  given  in  the  table  by  -915. 
Example. — If  the  orifices  of  two  sluices,  situated  at  a  couple  of 
metres  distance  from  each  other,  have  together  a  width  equal  to 
1-5  ra.,  and  are  both  opened  to  a  height  of  -45  m.,  the  column  of 


water  upon  their  centres  being  1-8  m.,  what  will  be  the  effective 
discharge  of  the  two  together  per  second  ? 

In  the  table,  we  find  that  1G09  litres  corresponds  to  a  column 
of  1-8  m.,  and  a  width  of  1  m.  Therefore,  1G09  X  1-5  X  -915 
=  2208-35  litres  is  the  required  discharge. 


TADLE  OF  THE  DISCHARGE  OF  WATER  BY  OVERSHOT  OUTLETS  OF  ONE  METRE  IN  WIDTH. 


Heights 
of  the 

level  above 
tin-  bottom 
of  the  outlet. 

Disci  large 
litres  per  second. 

Heights 

of  the  _ 

level  above 
the  bottom 
of  the  outlet. 

Discbarge 
litres  per  second. 

Heights 
of  the 

level  above 
the  bottom 
of  the  outlet. 

Discharge 
litres  per  second. 

1st  Case. 

2d  Case. 

1st  Case. 

2d  Case. 

1st  Case. 

2d  Case. 

5-0 

20 

21 

28-5 

259 

283 

52-0 

639 

698 

5-5 

23 

24 

29-0 

206 

290 

52-5 

648 

708 

6-0 

26 

27 

29-5 

273 

298 

530 

658 

718 

C-5 

29 

31 

30-0 

280 

306 

53-5 

667 

728 

7-0 

32 

34 

30-5 

287 

313 

54-0 

676 

738 

7-5 

36 

38 

31-0 

293 

321 

54-5 

685 

748 

8-0 

40 

42 

31-5 

301 

329 

550 

694 

758 

8-5 

43 

46 

32-0 

309 

337 

55-5 

704 

769 

9-0 

47 

50 

32-5 

315 

344 

56-0 

713 

779 

9-5 

51 

54 

33-0 

323 

353 

50-5 

724 

790 

10-0 

56 

59 

33-5 

330 

361 

57-0 

733 

800 

10-5 

60 

63 

34-0 

338 

369 

57-5 

743 

811 

11-0 

64 

68 

34-5 

345 

377 

58-0 

753 

822 

11-5 

68 

73 

35-0 

353 

385 

58-5 

702 

832 

1-2-0 

72 

77 

35-5 

360 

393 

59-0 

771 

842 

12-5 

77 

82 

36-0 

368 

402 

59-5 

781 

853 

13-0 

82 

87 

36-5 

375 

410 

00-0 

791 

864 

13-5 

86 

92 

37-0 

382 

419 

60-5 

801 

875 

14-0 

92 

9S 

37-5 

392 

428 

61-0 

811 

886 

14-5 

97 

103 

38-0 

399 

436 

61-5 

821 

896 

15-0 

101 

108 

38.5 

408 

445 

62-0 

831 

907 

15-5 

107 

114 

39-0 

415 

453 

62-5 

841 

918 

16-0 

111 

119 

39-5 

423 

462 

63-0 

851 

929 

1G-5 

117 

125 

40-0 

431 

471 

63-5 

861 

940 

17-0 

121 

130 

40-5 

439 

479 

64-0 

871 

951 

17-5 

127 

136 

41-0 

447 

488 

64-5 

882 

963 

18-0 

132 

142 

41-5 

455 

497 

65-0 

892 

974 

18-5 

138 

148 

42-0 

463 

506 

65'5 

902 

985 

19-0 

143 

154 

42-5 

472 

515 

66-0 

912 

996 

19-5 

149 

160 

43-0 

481 

525 

66-5 

922 

1007 

20-0 

154 

166 

43-5 

488 

533 

67-0 

932 

1018 

20-5 

160 

173 

44-0 

497 

543 

675 

943 

1030 

21-0 

166 

179 

44-5 

506 

552 

68-0 

954 

1042 

21-5 

171 

185 

45-0 

514 

561 

68-5 

965 

1054 

22-0 

176 

192 

45-5 

523 

571 

69-0 

976 

1066 

22-5 

182 

199 

46-0 

531 

581 

69-5 

987 

1078 

23-0 

188 

205 

46-5 

540 

590 

70-0 

998 

1090 

23-5 

194 

212 

47-0 

549 

599 

70-5 

1008 

1101 

24-0 

202 

219 

47-5 

558 

609 

71-0 

1019 

1113 

24-5 

207 

226 

48-0 

567 

619 

71-5 

1030 

1125 

25-0 

212 

233 

48-5 

576 

629 

72-0 

1041 

1137 

25-5 

220 

240 

49-0 

584 

638 

72-5 

1052 

1149 

2(3-0 

226 

247 

49-5 

593 

648 

73-0 

1063 

1161 

26-5 

233 

254 

50-0 

603 

658 

735 

1073 

1172 

27-0 

239 

261 

50-5 

612 

668 

74-0 

1084 

1184 

27-5 

245 

268 

51-0 

621 

678 

74-5 

1095 

1196 

2S-0 

253 

276 

51*5 

630 

688 

75-0 

1106 

1208 

i 
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[   OVE8- 

318.  The  practical  fornuil  i  •  r-  to  determine 

an  uvi.  il  the  fonowin 

I)  =  W  x  II  X  *  29  II  X  m  X  1000; 

ill   will     I 

iii  litres  per  l 
W,  the  width  of  tin'  outlet  in  i 

II,  the  depth  of  the  <  rticeDy from  it» bottom 

:  the  watt  r  in  ill.  r.  -  rvoir. 
The  following  table  is  Celt  UU  of  this  formula,  it 

the  width  of  the  outlet  is  1  i 

■  if  the  outlet  increase  at  the  rate  of 
from*05m.  op  to '76  m.     These  heights  ue  u 
in  centimetres  in  the  lir.-t  colomn  of  the  table,  the  corresponding 

'.'  1. 
Third,  That  the.  ontlel  il  supposed  t"  be  narrower  than  the 
'.■  '  ]    p 
bros  give  the  following  numerical  values  fur  the  term  m. : — 


m. 

m. 

in. 

in. 

m. 

in. 

m. 

m. 

!!,  of. 

•n| 

•10 

■18 

■ss 

The  tenn,  m,  in. 

1 1 1 

■401 

The  oorresponding  ren  in  the 

second  column  of  the  table.      They  are  expressed   in  litres  per 

ITth,  that  the  outlet  is  virtually  uf  the  same  width  as  the 
rse,  baring  its  lower  edge  only  a  little,  if 
anything,  above  the  bottom.  In  this  case,  according  to  M. 
d'Anbuisson  M  (Postal's experiments),  thecoefficii 
to  12  "ii  the  average.  The  corresponding  discharges  will  be 
found  in  the  third  column  of  the  table. 

With  the  aid  of  this  table,  the  calculation  for  deter- 
mining l  bj  an  overshot  outlet, 
ii  ielf  to  the  following : — 
Multiply  ilir  iriilili  i  the  mim- 
'  column,  and  eorreiponding  to  the  height  of 
' ■■/mil,  when  the  outlet  is  narrower  than  the 
md  when  the  water  is  discharged  freely  into  the  air; 
And  l"j  thf  number  in  thr  third  coin 

height,  when  il.  •   is  of  the  same  width  if.  the  Outlet, 

it-  depth,  iii..  ng  sensibly  greater  than  that  of  the 

i  the  outlet. 
/'  rmine  the  volume  of 

t,  the  width  of 

which  is  Jo  in  ,  an. I  the  height  of  the  overflow  '22m.,  the  case 

I  of  the  first  description. 

It  will  be  seen  froi  lumn  of  the  table,  that  the 

•    1  through  an  outlet  of  n  mitre  in  width,  and  of 

■22  m.  in  depth,  is  176  litn  ■  pi  r  u  i  ond  ;  * 

176  X  2*6  —  440  litres,  the  volume  not 


Second  Example.-  1 
the  same  data;  the  ca  ription. 

In  the  third  <  olumn,  the  nu  n  ling  to  the  depth  of 

will  be  found  ■ 

a  -i*il  litr.  «.  the  Vol 

lit  happen  to  t'.i'.l  between  some  of 
the  numberi.  given  in  the  table,  it  will  be  necessary  to  take  a  mean 

the  two  corresponding  results,  in 
obtain  the  actual  discharge. 

pie.— What  is  the  quantity  of  water  discliarged  by  an 
•    outlet  of  3  metres  in  width,  and  of  a  depth  equal  to 

; 

-  1  metre  in  width,  will 
I  and  138  litres,  the  mean  between  whid 
nearly  I 

Consequently,  136  X  3  =  -108)  live  discharge 

per  see 

I  for  1  metre  in 

width,  be!  1  between  the  number*  11.'  and  1  I"1,  will  bo 

about  HO. 

Whence,  146  X  3  =  4.1S  litres .  ,rgo. 

TO   DBTBEHXKB   Till:   WIDTH   Of   all   OVXKSHOI    I 

S49.   Wli.n  the  volume  of 
known,  and  it  is  wished  to  calcnlate  the  width  t.. 

overshot  outlet,  or  sluice-gate,  so  as  to  effect  the  desired  ■ 

with  a  given  height  of  water,  this  may  be  done  in  the  following 

manner : — 

(this  number  expressing  the  di 
divide  the  given  vohm  . 
width  in  metres. 

I'     -  I  What  width  nn.  ' 

quired  to  discharge  600  litres  per  second,  with  a  depth  above  the 
bottom  edge  of '12  m.  f 

In  the  .second  column  of  the  table,  and  Opposite    12  m.,  will  be 
found  the  number  72. 

We  have,  then— 

600  4-  72  =  B'SS  m^  the  width  sought 

What  width  in  n  sluice, 

required  to  discharge  443  litres  of  w.. 
of -Ji  Cim.  ? 

From  the  table,  we  find  that  160  litres  is  the  effectual  discharge, 

corresponding  to  a  width  of  l  metre. 
Whence — 

448  +   lfiO  =   8 -8  m..  the  width 

10   DI  n  UUXI   TBI    hi  il  ll  OF    I  til  "t 

'  ir  where  we  are  limited  aa  to  width.     It  is 

(Ion  in  iv  to  effect  the 

required  discharge,  which  may  be  done  by  meant  of  the  following 
rule: — 
/'/ii'./ 

■  olumn  which  ■ 
to  the  qu  t  column  com 

:ritj  to. 
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Example. — With  what  depth  of  outlet  will  a  discharge  of  350 
litres  per  second  be  effected,  the  width  being  limited  to  2  metres? 

We  have 

350  -h-  2  =  175  litres. 

In  the  second  column  of  the  table  will  be  found  the  number 
176,  corresponding  to  a  height  of  -22  m.  in  the  first  column,  which 
will  therefore  be  the  required  height,  within  a  millimetre. 

351.  Observation. — When  it  is  not  possible  to  measure  the 
depth,  II,  with  exactness,  the  lesser  depth,  h,  must  be  taken  im- 
mediately over  the  lower  edge  of  the  outlet,  and  multiplied  by  1-178, 
so  as  to  obtain  the  actual  value  of  II,  corresponding  to  the  num- 


bers given  in  the  table,  according  as  the  outlet  is  narrower  than 
the  reservoir,  or  water-course,  or  equal  to  it  in  width. 

First  Example. — Determine  the  discharge  effected  through  an 
outlet,  4  metres  wide,  the  depth,  h,  immediately  above  the  lower 
edge  being  equal  to  -11  m.,  the  width  being  about  four-fifths  of 
that  of  the  reservoir. 

We  have  -11  m.  X  1*178  =  -13  m.,  for  the  assumed  height,  II, 
of  the  reservoir  level. 

Corresponding  to  this  height,  we  have,  in  the  second  column, 
the  quantity,  82  litres. 

Then  82  X  4  =  328  litres,  the  effective  discharge  sought. 


TABLE  OF  THE  DISCHARGE  OF  WATER  THROUGH  PIPES. 


Diameters 

of  the  Pipes. 

Mean 
velocity 

■10  ra. 

•15  m. 

•20  m. 

•25  m. 

■CD  m. 

metres 

per 
second. 

Discharge 
litres 
second, 

Fall 
per  metre 
in  length 

centimetres. 

Discharge 

litres 

per 

second. 

Fall 
per  metre 
in  length 

centimetres. 

Discharge 

litres 

per 

second. 

Fall 
per  metre 
in  length 

centimetres. 

Discharge 

litres 

per 

second. 

Fall 
per  mt'-tre 
in  length 

centimetres. 

Discharge 

litres 

per 

second. 

Fall 
per  metre 
in  length 

centimetres. 

0-10 

0-8 

0-02 

1-8 

0-01 

31 

0-01 

4-9 

0-01 

7-07 

O01 

0-15 

1-2 

0-04 

2-6 

0-03 

4-7 

0-02 

7-4 

0-02 

10-60 

o-oi 

0-20 

1-6 

0-07 

35 

0-05 

G-3 

0-03 

9-8 

0-03 

14-14 

0-02 

0-25 

2-0 

o-io 

4-4 

0-07 

7-8 

0-05 

12-3 

0-04 

17-67 

0-03 

0-30 

23 

0-15 

5-3 

0-10 

9-4 

0-07 

14-7 

0-0G 

21-20 

0-05 

0-35 

2-7 

0-19 

6-1 

0-13 

11-0 

0-10 

17-2 

0-08 

24-74 

8-07 

0-40 

31 

025 

7-1 

0-17 

12-G 

0-12 

19-6 

0-10 

28-27 

0-08 

0-45 

35 

0-31 

8-0 

0-21 

14-1 

0-16 

220 

0-12 

31-81 

010 

0-50 

3-9 

0-38 

8-8 

0-25 

15-7 

0-19 

24-5 

0-15 

35-34 

0-13 

0-55 

43 

0-46 

9-7 

0-30 

17-3 

0-23 

27-0 

8-18 

38-88 

0-15 

060 

4-7 

0-54 

10-6 

0-36 

18-8 

0-27 

29-4 

0-22 

42-41 

0-18 

0-G5 

5-1 

0-63 

11-5 

0-42 

20-4 

0-32 

31-9 

8-25 

45-95 

0-21 

0-70 

5-5 

0-73 

12-4 

0-49 

22-0 

0-36 

34-4 

0-29 

49-48 

0-24 

0-75 

5-9 

0-83 

13-2 

0-5G 

23 -G 

0-42 

368 

0-33 

53-01 

0-28 

0-80 

6-3 

0-95 

14-1 

0-G3 

25-1 

0-47 

39-3 

0-38 

5G-55 

0-31 

0-85 

6*7 

1-06 

15-0 

0-71 

2G-7 

0-53 

41-7 

8-43 

60-08 

0-35 

0-90 

7-0 

1-19 

15-9 

0-79 

28-3 

0-59 

44-2 

0-48 

63-62 

0-40 

0-95 

7-5 

1-32 

1G-8 

0-88 

29-8 

0-66 

46-G 

0-53 

67-15 

0-44 

1-00 

7-8 

1-46 

17-7 

0-97 

31-4 

0-73 

49-1 

0-58 

70-7 

0-49 

M0 

8-6 

1-76 

lfl-4 

1-17 

34-5 

0-88 

54-0 

0-70 

77-7 

0-59 

1-20 

9-4 

2-09 

21-2 

1-39 

37'7 

1-04 

58-9 

8-83 

84-8 

0-G9 

1-30 

10-2 

2-44 

23-0 

1-03 

40-8 

1-22 

G3-8 

0-98 

91-9 

0-81 

1-40 

11-0 

2-82 

24-7 

1-88 

44-0 

1-41 

G8-7 

1-13 

98-9 

0-94 

1-50 

11-8 

3-24 

2G-5 

2-16 

47-1 

1-62 

73-6 

1-29 

100-0 

1-08 

1-60 

126 

3-68 

28-3 

2-45 

50-3 

1-84 

78-5 

1-47 

113-1 

1-22 

1-70 

133 

4-14 

30-6 

2-7G 

53-4 

2-07 

83-4 

1-66 

120-2 

1-38 

1-80 

14-1 

4-G4 

31-8 

3-09 

56-5 

2-32 

88-3 

1-85 

127-2 

1-55 

1-90 

14-9 

5-16 

33-6 

3-44 

59-7 

2-58 

93-3 

2-06 

134-3 

1-72 

2-00 

15-7 

5-71 

35-3 

3-80 

G2-8 

2-85 

98-2 

2-28 

141-4 

1-90 

2-10 

16-4 

G-29 

37-1 

4-19 

GG-0 

3-14 

103-1 

2-51 

148-4 

2-10 

2-20 

17-2 

C-89 

38-9 

4-GO 

69-1 

3-45 

108-0 

2-76 

155-5 

2-30 

2-30 

18-0 

7-53 

40-6 

5-02 

72-2 

3-7G 

112-9 

301 

162-6 

2-50 

2-40 

18-8 

8-19 

42-4 

5-4G 

75-4 

4-09 

117-8 

3-28 

169-6 

2-73 

2-50 

19-6 

8-88 

44-2 

5-91 

78-5 

4-44 

122-7 

3-55 

17(1-7 

2-96 

2-60 

20-4 

9-60 

45-9 

6-40 

81-7 

4-80 

127-6 

3-83 

183-8 

3-20 

2-70 

21-2 

10-34 

47-7 

6-89 

84-8 

5-17 

132-5 

4-14 

190-8 

3- 1 1 

2-80 

22-0 

11-11 

49-4 

7-41 

88-0 

5-50 

137-4 

4-45 

197-9 

3-70 

2-90 

22-8 

11-92 

51-2 

7-94 

91*1 

5-95 

142-3 

4-77 

205-0 

3-97 

3-00 

23-6 

12-74 

53-0 

8-50 

94-2 

G-37 

147-3 

510 

1 

212-1 

4-25 

ltd 


THE  PRACTICAL  DRAUGHTSMAN'S 


Sannd  Kram/Jt.  —  Willi  tin-   like  data,  what  woul  : 
effective  discharge,  supposing  the  oul  the  same  width 

and  d<  i>th  u  t' 

We  have,  as  before,  11  X  117«  =  -1.1  tn.  for  the  depth,  II, 
to  whk  h  87  litres  u  the  corresponding  discharge,  aa  in  the  third 
column. 

N — 
87  X  i  =  848  lifen  -.  the  actual  discharge 

01  run  with   a 

I:  may  happen  that  a  ipooi  or  duct,  slightly  inclined,  or 
even  boi  it  ia  more  con- 

b  'th  bi  (ha  bottom  and  at  tin-  sides,  than  the  ri 
In  Mich  sue,  i!  ly  different ;  and  to  determine 

it,  it  i»  neceeaary  to  multiply  the  numbers  in  the  teoond  column  of 
tho  table  by  '83,  when  the  hi  ighl  ii  ■_'  m.,  or  npward 
when  tl.  i. ;  end  by  '76,  when  tlic  height  is  only  -1  m. 

nraa  fob  tbb  oobdui  noa  <>r  wateb. 

353.  Tlio  formulas  employed  in  calculating  the  proportions  of 
a  conduit  for  water  of  uniform  section,  consisting  of  cyliudric.il 
lubes,  arc  (be  following:— 


V  =  53-53  \   /'II.  —  0025; 


and 


D 


«tf 
IT-     j-XV 


In  which, 

D,  the  rolmne  in  litrca; 

</,  the  internal  diameter  of  the  conduit; 

I.,  of  the  conduit,  di\ 
the  difference  between  the  levels  at  either  extremity  ;  and 

duit. 
In  ur.hr  to  abridge  the  calculations,  we  give  a  table,  with  the 
i.k-h.  rariotu 
water-ducts,  formed  by  cylindrical  I 

; 
II  What  fall  inuM  be  given  to  a  conduit,  -1  m.  in 

r,  in  order  thai   it  B  11  litres  of  wal 

From  .  should 

be  l  e>,  or  l  millimetre,  pi  r  metre, 

ren  to  a  condors, 
500  metres  in  length,  in  order  that  it  maj 

:'  water  per  hour,  the  whole  fall  bi 
We  have  168  cubic  metres,  or  108,000  litres,  -7-  (CO  X  60)  = 
4GC5  litres,  discharged  pi  r  teoond; 
and  H  500  —  '53c,  the  fall  pet  metre. 

It  will  be  seen  from  the  table,  thai    the  diameter  ncc.  - 

this  discharge,  and  with  this  fall,  is  '25m.,  or  'J5  centime! 


CHAPTER  VIll. 

APPLICATION  OF  SHADOWS  TO  TOOTHED  GEAR 

PLATE  xxx. 


BPUB   Win  : 

Fiodbbs   l    a  an  '.'. 

We   have  already   pointed   out.   that    before   shading   an 
object  in  a  finished  manner,  it  i-  generally  nee,  ^arv  to  lay  down 

the  outlines  of  all  the  shadowi  tat,  which  ma] 

!  by  the  form  of  each  part. 

Thus,  before  proceeding  to  apply  the  finishing  shades  to  the 

spur-wheel  ami  pinion,  fig.  A,  we  must  first  determine,  separately, 

wheel,  both  the  shadow  proper  of  the  external  surface  of 

the  web,  and  the  shadows  of  the  teeth   upon   it.  and  also  upon 

themselves.     Tl perationi  called  for  with  one  of  the  wheels  are 

tl 
The  external  ■  •  .  of  (he  web,  \.  of  the  spar-wheel, 

l.ndrieal,   the  Ii f  separation  of  light  ami  shade  will  be 

obviously  determined  by  a  tangent  parallel  to  the  luminous  ray, 
or  better,  by  the  radius,  o  D,  il  to  this.     By  squaring 

over  thi  |  t,  d,  In  the  horixontal  projection,  v 

the  line,  I,- 1 ,  in  the  Hon.     Bimilariy,  by  squaring 

over  the  point,  a,  we  gel  the  straight  Ime,  r,.,  tor  the  line  of 
la  on  the  outer  end 


which  at  ;  Irical.     A  portion  of  the  lab  ral  surface 

of  the  teeth  ii  also  In  the  .-hade,  a-  will  easily  be  determined,  by 

drawing  lines  through  the  extreme  S  parallel 

to  the  luminous  rays.      Thns  the  surfaces,  ii  tl,  I'  r,  and  cf,  do  not 
any  li.^ht,  and  vation,  as 

within  the  outlines,  at'oT g k,  I  /'/■/. 

I  npon  the  cylindrical 
surface  of  the  web;  and  aa  I 

their  shadows  on  the  w-  .  .bier- 

mined  by  drawing  the  luminar  lim  s  through  the  pointa,  o,6,  e, 
and  o',  /•',  •■' .  and  than  squarii  •.  n,  «,  o, 

nplete  the  shadows  of  the  teeth  upon  the  web.  it  ■  further 

i  to  obtain  the  outline  corresponding  to  the  edges,  a  </.  I>  <-, 

\\ ,   already  have  (he  extreme  i  .  f,  and 

\ 

it  i?  wi  11  to  find  a  few  intermediate 

points.       The    1  a  shallow  upon 

the  wi  b,  which  le  manner,  by  drawing  liiini- 

throngh  the  pointa,  p,  </.  surface  of  (ha 

i  i-',  <•'. 


Practical  Diaii-jliisinan 


Plate  30. 


L  ly  Maxlkay  $c  EnkwoocL 


-\l  IIH'lln  .Mill  &     Uuoui  OIU 
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Some  of  the  teeth,  also,  cast  shadows  upon  each  other ;  but  as 
their  surfaces  are  vertical,  these  shadows  are  simply  determined 
by  the  contact  of  the  luminar  lines  with  them.  Thus,  the  edges 
projected  in  s,  I,  y,  &c,  have  for  shadows  the  straight  lines  pro- 
jected vertically  in  u  a2,  x'  x";  ■/  z". 

Finally,  when  we  have  drawn  the  horizontal  projection  of  the 
wheel,  as  in  the  present  example,  we  have  to  determine  the 
shadow  cast  by  the  web  upon  the  tenons  of  the  teeth,  and  upon 
the  arms,  or  spokes.  All  these  surfaces  being  horizontal  and 
parallel,  the  shadow  cast  upon  each  will  be  a  circle  equal  to  the  one, 
II  I  L,  which  is  the  projection  of  the  inner  edge  of  the  web.  All 
that  is  necessary,  then,  is  to  draw  through  the  centre,  0,  o',  a  line 
parallel  to  the  luminous  ray ;  and  to  find  the  points  of  intersection, 
O2  and  O3,  with  the  planes,  M  o"  and  N  o"',  in  which  lie  the  upper 
surfaces  of  the  tenons  and  of  the  arms,  and  to  describe  arcs  with 
the  points,  o2  and  o3,  as  centres,  and  with  the  common  radius, 
O  H  (2S0).  In  the  same  manner  we  obtain  the  shadows  cast  by 
the  boss  of  the  wheel,  and  by  the  feathers  upon  the  arms. 

When  we  have  thus  gone  through  the  requisite  operations  for 
each  wheel,  we  proceed  with  the  shading,  according  to  the  prin- 
ciples laid  down  (289,  et  seq.),  covering  first  the  portions  which 
require  a  more  pronounced  shade,  and  leaving  the  lighter  parts  to 
the  last. 

The  specimen,  fig.  Ih,  which  we  recommend  to  be  copied  on  a 
larger  scale,  indicates  the  various  gradations  of  shade  required  to 
produce  the  proper  effect,  according  to  the  different  positions  of 
the  planes,  and  to  the  contour  of  the  surfaces.  These  wheels  are 
also  supposed  to  be  mounted  upon  their  shafts,  which  are  shaded 
as  polished  cylinders. 

BEVIL    WHEELS. 
Figures  3  and  4. 

355.  The  procedure  here  called  for  will  be  the  same  as  in  the 
preceding  case — that  is  to  say,  we  must  first  draw  the  outlines  of 
the  shadows,  proper  and  cast,  for  each  wheel.  The  figures  repre- 
sent a  horizontal  and  vertical  projection  of  a  bevil  wheel  with  cast- 
iron  teeth,  the  shadows  being  indicated  on  the  different  surfaces. 

The  external  surfaces  of  the  teeth  and  of  the  web  being  conical, 
the  shadows  proper  are  determined  in  the  same  manner  as  for  the 
cone,  by  drawing  through  the  apex  a  plane  parallel  to  the  luminous 
ray,  and  finding  the  generatrix  at  which  this  plane  touches  the 
conical  surface  (313). 

It  is  in  this  manner  that,  for  the  outer  ends  of  the  teeth,  we 
obtain  the  generatrix  projected  in  o  A,  fig.  3,  and  for  the  outer 
surface  of  the  web,  that  projected  in  o  b.  These  generatrices, 
which  are  the  lines  of  separation  of  light  and  shade,  are  projected 
vertically  in  the  straight  lines,  c'  a'  and  D  b',  converging  to  the 
apex  of  the  cone ;  since,  however,  these  lines  occur  between  two 
teeth  in  the  present  example,  they  are  not  apparent  in  fig.  4. 

Some  of  the  teeth  have  their  lateral  faces  in  the  shade,  whilst 
all  the  lower  conical  surface  corresponding  to  the  wider  ends  of 
the  teeth  is  in  deep  shade,  as  indicated  in  fig.  4  by  a  darker  tint. 

We  have,  besides,  merely  to  determine  the  shadows  cast  by 
the  outer  edges,  a  d,b  e,  cf,  and  by  the  curved  portions,  d  g,  e  h, 
and/i.  Now,  the  outer  edges,  a  d,b  e,  cf,  cast  shadows  upon 
the  conical  surface  of  the  web,  which  are  represented  by  straight 


lines  coinciding  with  generatrices  on  this  surface ;  and  therefore, 
to  determine  them,  we  must  draw  through  the  corresponding  edges 
a  series  of  planes  parallel  to  the  luminous  ray ;  the  whole  of  these 
necessarily  passing  through  the  common  apex,  o,  it  is  simply  re- 
quisite, therefore,  to  find  the  shadow  cast  by  any  one  point  in 
these  edges.  Let  us  take,  for  example,  the  points,  d,  e,f,  all 
situate  in  the  same  circle,  E  d  F  ;  the  operation,  then,  is  to  find 
the  shadow  of  this  circle  upon  the  conical  surface,  and  is  the  same 
as  that  which  we  have  alreadyindicated  and  explained  several  times; 
it  consists,  in  fact,  in  drawing  any  planes,  G  H  and  I  J,  perpendicular 
to  the  cone's  axis,  and,  consequently,  parallel  to  the  plane  of  the 
circle,  e  d  f. 

35G.  We  have  seen  that  the  shadow  cast  by  the  circle,  E  d  F, 
upon  each  of  the  planes,  will  be  a  circle  equal  to  itself;  and  it  is, 
therefore,  simply  necessary  to  find  the  shadow  cast  by  the  centre, 
O,  o'.  This  shadow  falls  in  o,  o',  on  the  plane,  G  H,  and  in  o2,  o3, 
on  the  plane,  I  I ;  if,  then,  with  the  points,  o  and  o2,  as  centres, 
and  with  the  radii,  o  \C  and  o2  ■)',  equal  to  the  radius,  o  E,  we  draw 
a  couple  of  arcs,  these  arcs  will  cut  the  circles,  g'k'h'  andi'i/j', 
the  projections  of  the  sectional  planes,  in  the  points,  k'  and  j', 
which,  being  squared  over  to  the  vertical  projection  in  the  points, 
K  and  J,  will  give  two  points  in  the  curve,  J  K  M  N,  representing 
the  shadow  cast  by  the  circle,  E  d  F,  upon  the  conical  surface  of 
the  web.  Consequently,  if  we  draw  the  luminar  lines  through 
the  points,  d',  c',f,  &c,  the  respective  points  of  their  intersection 
with  the  curve,  as  si,  p,  Q,  will  represent  their  shadows  cast  upon 
the  web  surface.  These  points  are  squared  over  to  m',  p',  q',  in 
the  horizontal  projection. 

The  points,  g,  h,  i,  situated  upon  the  upper  base  of  the  cone, 
obviously  cast  no  shadows,  the  shadows  of  the  teeth,  however, 
springing  from  them ;  if  it  is  wished  to  determine  any  points  be- 
tween these  and  those  already  found,  it  will  be  necessary  to  de- 
scribe an  imaginary  circle,  such  as  g',  k',  n',  passing  between  the 
points,  d  and  g,  the  outer  and  inner  angles  of  the  teeth.  The 
curve,  e  s  T,  as  projected  in  the  elevation,  will  be  found  to  repre- 
sent the  shadow  cast  by  this  circle  upon  the  conical  surface  of  the 
web. 

As  the  edges,  ad,be,cf,  cast  shadows  which  coincide  with 
generatrices  of  the  cone,  they  may  be  obtained  simply  by  draw- 
ing straight  lines  through  the  several  points,  m',  q',  and  p',  con- 
verging in  the  apex  of  the  cone  in  both  planes  of  projection. 

Finally,  the  shadows  cast  by  some  of  the  outer  edges  of  the 
teeth,  such  as/tf,  upon  the  teeth  immediately  behind,  are  defined 
by  drawing  the  luminar  line,//,  through  the  point,  /,  meeting  the 
flank,  /  in,  of  the  other  tooth,  which  lies  in  a  vertical  plane.  This 
point  of  contact  is  projected  vertically  in  V,  on  the  vertical  pro- 
jection,/' T,  of  the  luminar  line.  It  now  remains  to  draw  a  line, 
V  n,  through  this  point,  V,  and  through  the  apex  of  the  cone,  and 
this  line  will  represent  the  shadow  cast  by  the  edge,/c. 

357.  In  the  case  where  the  luminar  line  passing  through  the 
extremity  of  the  tooth — as  that,  for  example,  drawn  through  the 
point,  p — falls  upon  a  curved  portion  of  the  tooth  behind,  it  is 
necessary,  if  great  accuracy  is  required,  to  imagine  a  vertical 
plane  passing  through  this  point  and  through  the  luminar  line, 
and  then  to  find  the  intersection  of  this  plane  witli  the  curved  sur- 
face of  the  tooth.      This  would  require  a  separate  diagram ;  but 
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plane,  its  intersection  with  the  curve,  E2/»'  i'r,  will  give  a  point,  c, 
in  the  outline  of  the  shadow  sought. 

In  like  manner,  by  drawing  other  planes,  as  E  n  and  G  I,  parallel 
to  the  first,  E  o,  we  shall  obtain  the  intersectional  curves,  p'/'  h' 
and  erf  g'  I,  and  further  upon  these  the  points,/'  and  g',  of  the 
outline  of  the  shadow.  By  proceeding  thus,  we  can  obtain  as 
many  points  as  may  be  deemed  necessary  for  the  construction  of 
the  shadow  cast  by  the  outer  edge,  c  &'  [>,  of  the  thread,  and  the 
curve  obtained  is,  of  course,  repeated  on  the  several  convolutions 
of  the  thread.  "We  would  remark,  that  there  is  no  shadow  cast 
when  the  depth  of  the  thread  is  such,  only  that  a  b,  fig.  6,  is  less 
than  the  half  of  the  base,  c  d,  of  the  generating  triangle. 

The  diagrams,  figs.  G"  and  8,  which  represent  a  portion  of  a  left- 
handed  screw,  will  show  that  the  operations  required  in  this  modi- 
fication, to  determine  the  outlines  of  the  shadows,  are  precisely  the 
same  as  those  last  explained. 

The  core,  N,  which  separates  the  two  portions  of  the  double 
screw,  as  well  as  the  end,  n',  receives  a  shadow  cast  by  the  outer 
edge  of  the  adjacent  convolution  of  the  thread. 

SHADOWS   UPON   A    ROUND-THREADED   SCREW. 
Figures  9  and  10. 

3G3.  These  figures  represent  a  species  of  screw  generated  by  a 
circle,  a  b  c  d,  the  plane  of  which  passes  through  the  screw's  axis, 
and  of  which  each  point  describes  a  helix  about  the  same  axis. 
The  intervals  or  hollows  between  the  convolutions  of  the  thread 
are  also  formed  with  a  helical  surface  generated  by  a  semicircle, 
d  ef,  tangential  to  the  first.  We  have,  then,  to  determine  the 
limiting  line  of  the  shadow  proper  upon  the  screw,  and  the  shadow 
cast  by  this  line  upon  the  hollows. 

The  projecting  thread  being  a  species  of  spiral  torus  or  serpen- 
tine, the  determination  of  its  shadow  will  be  similar  to  that  of  the 
shadow  of  the  ring  (323). 

Thus,  if  the  screw  be  sectioned  by  a  vertical  plane,  G  o,  passing 
through  its  axis,  its  intersection  with  the  thread  will  evidently  be  a 
circle,  as  projected  in/  V,  fig.  9.  This  circle,  being  inclined  to  the 
vertical  plane  of  projection,  fig.  10,  is  projected  therein  in  the  form 
of  an  ellipse,  the  principal  points,  j,k,  I,  of  which  are  obtained  by 
squaring  over  the  points,  /,  //,  V,  respectively,  upon  the  helices  cor- 
responding to  the  points,  a,  b,  c.  If,  then,  upon  the  plane,  g  o, 
which  we  supposed  to  be  reproduced  at  og,  fig.  10",  we  project  the 
luminous  ray,  R  o,  it  will  be  sufficient  to  determine  the  point  of  con- 
tact of  this  ray  with  the  curve,  jkl\  fortius  purpose,  find  the  pro- 
jection of  the  ray  upon  the  vertical  plane  in  g'  o',  fig.  10";  then 
draw  a  line,  g-  o2,  tangential  to  the  ellipse,  j  h  I,  and  parallel  to  the 
straight  line,  g'  o',  its  point  of  contact,  m,  witli  the  ellipse  will  be 
a  point  in  the  line  of  separation  of  light  and  shade  upon  the  outer 
surface  of  the  screw-thread.  By  proceeding  in  this  manner,  any 
number  of  points  in  this  line  may  be  obtained. 

By  continuing  the  sectional  plane,  G  O,  across  the  hollow  of  the 
screw,  we  shall  likewise  obtain  the  elliptic  curve,  n  o2,  the  principal 
points  in  which  are  equally  situated  upon  the  helices  which  pass 
through  the  points,  d,  e,f;  it  is  sufficient  to  prolong  the  luminar 
line,  g"  o2,  until  it  cuts  the  ellipse,  n<rp,  so  as  to  obtain  the  point, 
o',  which  is  the  shadow  cast  by  the  corresponding  point,  m,  of  the 


line  of  separation  of  light  and  shade  upon  the  hollows  or  intervals 
between  the  convolutions  of  the  thread. 

It  is  to  be  remarked,  that  the  prolongation  of  the  line  of  sepa- 
ration of  light  and  shade,  s  t,  casts  a  shadow  upon  the  outer 
surface  of  the  convolution  immediately  below;  and,  in  the  same 
manner,  the  shoulder  above  casts  a  shadow  over  the  projection 
and  hollow  of  the  adjacent  thread. 


APPLICATION  OP  SHADOWS  TO  A  BOILER  AND  ITS 
FURNACE. 

PLATE    XXXII. 

shadow  of  the  sphere. 
Figure  1. 

3G-1.  It  will  be  recollected,  that  a  sphere  is  a  regular  solid, 
generated  by  the  revolution  of  a  semicircle  about  its  diameter. 
From  this  definition  it  follows,  that  its  convex  or  concave  surface, 
according  as  it  is  considered  solid  or  hollow,  is  a  surface  of  revolu- 
tion, of  which  every  point  is  equally  distant  from  the  centre  of  the 
generating  circle.  To  determine,  then,  the  shadow  proper,  upon 
the  surface  of  a  sphere,  we  can  proceed  according  to  the  general 
principle  (328) ;  but,  in  this  particular  case,  the  following  will  be 
the  simpler  method. 

Let  us  suppose  the  sphere  to  be  enveloped  in  a  right  cylinder, 
having  its  axis  parallel  to  the  luminous  ray ;  this  cylinder  will 
touch  the  sphere  at  a  great  circle,  which  is,  in  fact,  the  line  of 
separation  of  light  and  shade,  and  the  plane  of  which  is  perpendi- 
cular to  the  luminous  ray,  and,  consequently,  inclined  to  the  planes 
of  projection;  it  follows,  therefore,  that  the  projection  of  this  line 
upon  these  planes  will  be  an  ellipse. 

Thus,  let  fig.  1  represent  the  horizontal  projection  of  a  sphere, 
whose  radius  is  o  A,  the  projections  of  the  extreme  generatrices, 
B  c  and  D  E,  of  the  cylinder,  parallel  to  the  luminous  ray,  touch 
the  external  contour  of  the  sphere  in  the  points,  C,  E,  which  are 
diametrically  opposite  to  each  other,  and  are  the  extremities  of  the 
transverse  axis  of  the  ellipse. 

As,  in  general,  this  curve  can  be  drawn  when  its  two  axes  are 
determined,  it  merely  remains  to  find  the  length  of  its  conjugate 
axis.  To  this  effect  let  us  imagine  a  vertical  plane  to  pass  through 
the  luminous  ray,  r  o,  and  let  us  take  two  lines  tangent  to  the 
section  of  the  sphere  in  this  plane,  and  parallel  to  the  luminous 
ray;  if  now  we  turn  this  plane  about  the  line,  R  o,  considered  as 
an  axis,  so  as  to  fold  it  over  upon,  and  make  it  coincide  with,  the 
horizontal  plane,  the  great  circle,  which  is  its  section  with  the 
sphere,  will  obviously  coincide  with  the  circle  drawn  with  the 
radius,  A  o.  The  luminous  ray  will,  as  already  seen  (287),  be 
turned  over  to  r'  o,  making  an  angle  of  35°  16'  with  the  line,  R  o. 
It  may  also  be  obtained  by  making  the  line,  r'  r,  perpendicular  to 
R  0,  and  equal  to  a  side  of  the  square,  as  G  R,  and  then  joining 
r'  o  The  two  luminous  rays  tangential  to  the  sphere  will  then 
coincide  with  the  straight  lines,  h  l  and  M  n,  parallel  to  it'  o ; 
their  points  of  contact  with  the  great  circle  will  be  the  extremities 
of  the  diameter,  L  n,  perpendicular  to  r'  o.  If  now  we  imagine 
the  plane  to  be  returned  to  its  original  position,  the  points,  L  and 
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.  low  Upon  the  internal 
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i  tha  boOar.  Thii  shadow  ii  circular,  bo- 
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independently,  with  the  assistance  of  the  auxiliary  projection, 
fig.  G,  at  right  angles  to  fig.  4. 

It  is  the  same  with  the  curve,  npq,  which  is  likewise  an  arc  of 
a  circle,  because  the  straight  line,  N  P,  the  edge  of  the  cover  which 
closes  the  top  of  the  chamber,  is  at  right  angles  to  the  axis  of  the 
latter,  and  at  the  same  time  parallel  to  the  vertical  plane  of  pro- 
jection. The  edges,  N  r  and  R  M,  being  vertical,  have  for  shadows 
upon  the  internal  surface  of  the  chamber,  a  couple  of  vertical 
straight  lines,  parallel  to  themselves  (309).  The  chamber  to  the 
right  having  a  circular  opening  in  the  cover,  has  a  shadow  upon 
its  internal  surface,  necessarily  different  from  that  in  the  other 
chamber.  It  is,  however,  easily  obtained,  and  in  the  same  manner 
as  in  figs.  1  and  1",  Plate  XXVIII.  It  must  be  observed,  how- 
ever, that  a  portion,  s  t  u,  of  this  shadow  is  due  to  the  under  edge, 
s  T  u,  of  the  cover-piece  ;  whilst  the  other  part,  s  v,  takes  its  con- 
tour from  the  upper  edge,  vx,  of  the  same  piece.  A  comparison 
of  figs.  4  and  5  will  render  these  points  easy  of  comprehension. 

There  remains,  finally,  the  curve,  Cegh,  and  the  rectilinear 
portion,  h  ?',  together  extending  from  the  first,  D  dc,  to  the  straight 
line,  ii,  and  which  represents  the  shadow  cast  by  the  are,  A  F,  G  IT, 
of  the  hemispherical  end  of  the  boiler,  and  the  straight  part,  II  I, 
of  the  upper  edge  of  the  cylindrical  portion. 

The  whole  curve,  D  d,  C  g  i,  representing  the  shadow  cast  by 
the  edge  of  the  section  of  the  boiler  upon  the.  internal  surface  of 
the  latter,  is  precisely  the  same  as  that  distinguished  in  architec- 
ture by  the  name  of  the  niche  shadow.  It  is  to  be  observed, 
however,  that  the  position  in  this  case  is  different,  as  the  axis  of 
the  niche  is  vertical. 

We  have  now  to  draw  the  shadows,  proper  and  cast,  upon  the 
outer  surface  of  the  boiler,  as  seen  in  horizontal  projection,  fig.  5. 
As  for  the  shadow  proper,  it  consists  partly  in  that  limited  by  the 
line  of  separation  of  light  and  shade,  d'  d,  obtained  by  the  tangen- 
tial line,  making  an  angle  of  45°  with  the  horizon,  and  touching 
the  circle  in  the  point,  C,  and  partly  in  that  bounded  by  the 
elliptic  curves,  C  d  and  d  c'  E,  upon  the  spherical  ends  of  the  boiler, 
the  manner  of  determining  which  has  already  been  thoroughly 
discussed  in  reference  to  fig.  1. 

368.  As  to  the  shadows  cast  by  the  cylindrical  chambers,  either 
on  their  neck  pieces,  or  upon  the  outside  of  the  boiler  itself,  they 
are  simply  represented  by  lines  inclined  at  an  angle  of  45°,  as  a'  d', 
e'  e',  drawn  tangential  to  the  outsides  of  the  cylinders,  and  which 
are  prolonged  in  straight  lines,  as  far  as  the  line  of  separation  of 
light  and  shade,  upon  the  cylindrical  portion  of  the  boiler;  that  is, 
in  case  they  stand  out  far  enough  from  the  boiler  surface.  If,  on 
the  contrary,  they  do  not  rise  very  high,  as  exemplified  in  the 
end  view,  fig.  9,  it  will  be  necessary  to  determine  the  outline  of 
the  shadow  cast  by  a  portion  of  the  upper  edge,  b'  c',  as  lying 
either  upon  the  cylindrical  part  of  the  boiler,  or  upon  one  of  the 
spherical  ends.  To  find  the  shadow  in  this  last  case,  we  have 
supposed  an  imaginary  vertical  plane  to  pass  through  the  luminous 
ray,  r'  o',  fig.  5,  producing  an  elliptical  section  of  the  cylinder, 
and  a  circular  one  of  the  spherical  part.  This  plan  being  repro- 
duced at  R2  o";  fig.  9,  and  turned  about,  to  coincide  with  the  hori- 
zontal plane,  we  have  the  curve,  F2  G2  H2,  representing  the  section 
in  question.  The  point  of  contact,  b',  being  transferred  to  B2,  is 
also  turned  down,   as  it  were,  upon  the   horizontal  plane,  to  the 


point,  B3 ;  so  that  if  we  draw  a  line,  B3  r,  through  this  point,  B8, 
parallel  to  the  luminous  ray,  R3  0*  similarly  brought  into  the  hori- 
zontal plane,  this  line,  B3r,  will  cut  the  intersectional  curve  in  the 
point,  r;  the  horizontal  projection,  I3,  of  this  point,  upon  the  line, 
Ea  ir,  being  obtained  by  letting  fall  the  perpendicular,  r  Is,  upon 
the  latter.  The  corresponding  point,  i',  in  fig.  5,  is  taken  at  a 
distance  from  b',  equal  to  b2i3,  in  fig.  9.  Proceed  in  the  same 
manner  with  another  sectional  plane,  parallel  to  the  first,  and 
passing  through  the  point,  c',  in  order  to  obtain  a  second  point,  c, 
of  the  shadow.  The  operations  necessary  for  determining  the 
intersectional  curves  are  sufficiently  indicated  in  figs.  5  and  9. 

369.  The  cylindrical  steam-boiler,  represented  in  longitudinal 
section  in  fig.  A,  in  end  elevation  in  fig.  H3,  and  in  transverse 
section  in  fig.  ©,  conjoins  the  various  applications  of  shadows,  of 
which  we  have  been  treating,  in  reference  to  spheres  and  cylin- 
ders; whilst,  at  the  same  time,  they  serve  as  examples  of  shading, 
by  lines  or  by  washes,  indicating  the  effects  to  be  aimed  at,  and  to 
be  attained  by  the  following  out  of  the  various  principles  already 
laid  down. 

370.  We  must  remind  the  student,  that,  in  order  to  produce 
these  effects,  he  must  not  always  confine  himself  to  the  represen- 
tation of  the  shadows  proper  and  cast  merely.  He  must,  further, 
show  the  gradations  of  the  light  or  shadow  upon  each  part,  as  has 
already  been  explained  with  reference  to  solid  and  hollow  cylin- 
ders. As  upon  a  cylinder  or  a  cone,  there  is  always  a  line  of 
pre-eminent  brilliancy,  so  likewise,  upon  the  surface  of  a  sphere, 
will  there  be  a  point  of  greater  brilliancy  than  the  rest. 

This  point  is  actually  situated  upon  the  luminous  ray,  passing 
through  the  centre  of  the  sphere,  fig.  1.  Since,  however,  the 
visual  rays  are  not  coincident  with  the  luminous  rays,  the  apparent 
position  of  this  point  is  somewhat  changed.  Thus,  if  we  bring  the 
vertical  plane,  R  O,  fig.  1,  into  the  horizontal  plane,  the  luminous 
ray  will  coincide,  as  has  been  seen,  with  the  line,  R'  o',  and,  conse- 
quently, its  point  of  intersection  with  the  sphere  will  coincide 
with  the  point,  i.  On  the  other  hand,  the  visual  rays  which  are 
perpendicular  to  the  horizontal  plane  will  coincide  with  parallels 
to  C  0,  when  brought  into  the  horizontal  plane.  This  latter  line 
intersects  the  sphere  in  the  point,  c  ;  and  as  the  light  is  reflected 
from  any  surface  in  the  direction  of  the  visual  rays,  so  as  to  make 
the  angle  of  incidence  equal  to  the  angle  of  reflection,  if  we  divide 
the  angle,  i  O  C,  into  two  equal  angles,  by  the  line,  n  o,  the  point, 
n,  will  be  that  which  will  appear  to  the  eye  most  brilliantly  illu- 
minated. The  positions,  ri  and  i",  in  the  vertical  plane  of  the 
points,  n  and  i,  are  obtained  by  letting  fall  perpendiculars  upon 
the  line,  o  A,  representing  this  plane. 

In  shading  up  a  drawing,  it  is  preferable  to  place  the  bright  or 
lightest  part  between  the  two  points,  ri  and  i",  a  more  pleasing 
effect  being  obtained  thereby.  When  the  sphere  is  polished,  as  a 
steel,  brass,  or  ivory  ball,  a  circular  spot,  of  pure  white,  must  be 
left  about  the  point  in  question.  When,  however,  the  body  is 
rough,  as  is  supposed  in  fig.  Hi,  this  part  is  always  lighter  than  the 
rest ;  but,  at  the  same  time,  it  is  covered  by  a  faint  wash. 

In  the  case  of  a  hollow  sphere,  figs.  2  and  3,  we  have  to  bear  in 
mind,  not  only  to  indicate  the  position  of  the  bright  spot,  which 
is  projected,  in  the  same  manner,  upon  the  luminous  ray,  A  B,  and 
lies  between  the  points,  ri,  i',  but  also  the  point  in  the  cast  shadow, 
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t.      Thin  Utter  will  I 
lo  bo  »t  m\  fig.  2,  u  di  ',  drawn 

...  ularly  to  the  ray  of  light,  a'  c',  u  brought  into  tho  Mine 

placed  in  its  furnace,  which 
u  built  entire!-  ill  *  diaphragm  passing  down  the 

middle  dames  and  gatl 

the  grat-   I  |  the  tine  to  t!  I  hy  that 

lit,  and  psssing  through  a  third  I 
the  chimin  y.      In  tfaii  third  flu!  i-  placed  an  auxiliary  ln.il>-r,   full 
of  water,  and  in  communication  with  the  main  boiler  by  a  pipe 
passing  to  the  bottom  of  each.      In  this  auxiliary  1 
water  Li  -"ii  not 

••  the  temperature  of  the  latter  to  ■  serioai  extent,  upon 
it*  introduction  iii!<>  it. 

The  main  I"  .'  ted  a«  half  full  of  water.      It  should 

-thirds  full,  but  is  delineated  ai  hut  half  I 
that  a  gi  -hadow  caat  upon  ita  interior  tn:iy  he 

the  cylindrical 
chamber*,  is  raj  BUed  with  steam.      The  h rise  of  tho 

chimney  is  of  stone,  whilst  the  (talk  is  of  brick.     The  foundations 
of  the  fumacc  are  likewise  of  stone. 

give  a  farther 
for  finished  shading  in  Plate  XXIII..  the  objects  in  which 
we  recommend  the  student  to  oopy,  on  ■  scale  two  or  thl 
as  Urge,  so  as  to  acquire  the  proper  skill  and  facility  of  treatment. 


iDING  IN  BLACK.    BHADING  IN  C0L01  I 

TLATF.  XXXIII. 

372.  In  a  great  nomber  of  drawings,  and  particularly  in  those 
tanned  working  drawings,  and  Intended  for  use  in  actual  construc- 
dranghtaman  content!  himself  by  shading  the  objects 
with  China  ink     sometimes,  perhaps,   covering  this  with  a  faint 
wash  of  colour,  appropriate  U)  thl   nature  of  the  mail  rial.      The 
•hading,  on  the hand,  brings  out  the  nana  in  relief,  and  ren- 
ders the  forms  of  the  object  intelligible  to  the  eye ;  whilst,  on  the 
colours  indicate  of  what  material  they  are 
i  .  maki  i  the  drawing 

much  more  life-like,  and  no. re  easily  oomprt  ben  li  !.     A  drawing 
may  be  colonred  in  several  ways.     The  simplest  plan  is  first  to 
-  with  china  ink,  having  di 

-  and  gradations  of  t ,  ■ 

lights  and  shades,  as  has  been  done  in  the  ]  The 

entire   • 

hloh  Is  quite  oonventionaL     It  must 
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Ural  method  1 1  .v  suffice 
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\ 

not  carrj       the  I  a  depth,  and  by 

I  j  two  or  three  washes  of  colour,  laid  on  in 

with  the  China  ink  it-i  If,  so  ai  to 
a  sufficient  strength  of  clour  at  the  dark,  r  parts,  whilst  the  light 


parti  air  left  very  faint ;  and  where  the  I 

pure  wbil  which  will  a  v  to  the 

brilliancy  of  the  whole.      A  softer  an  . 

the  use  of  a  warm   neutral  tint,   instead   of  tho 
China  ink,  for  the  preliminary  shading.     This  colour,  bowl 
very  difficult  to  mix,  ami  to  keep  uniform. 

.ill  and  facility  in  the 

nan  may 

■    ■     t,   in  a  more  manner, 

preliminary  shading  with  China  ink, 

and  layb 

at  the  same  tin.  :  light  ami  shade,  and  indicating  the 

nature  of  the  n 

j  art  of  tho  drawing  a  richer  t :  re  warmth,  and 

. 

•  ral,  all  dram  be  ddi- 

itli  faint  gnVj  i«  for  a  simple 

outline  drawing ;  the  taintneas  of  su 

thsjm  very  line,   and  their gl  a  much 

tide  to  the  shading-b) 

it  may  he.  alwaj  I  tOO  sharp  and  hard  ap| 

on  the 

S73.  In  Plate  XXXIII.  we  give  a  few  good  examples  of  objects 
ri  colours,  comprising  the  i  in  use  in  con- 

struction. 

I  1  represents  the  capital  of  a  Doric  column  in  wood.  Al- 
though the  woods  are  naturally  very  different  in  colour,  still,  in 
mechanical  drawings,  a  single  tint  i-  naad  indiscriminately;  it  is, 
as  wc  have  laid,  entirely  conventional. 

In  fix.:  colours,  the  object  in  view  has  been  to  avoid 

confusion,  and  to  employing  a  distinct  and  intelligible  colour  for 
testation  of  each  substance,  without  socking  to  I 

n  intra]  oolour  in  all  its  varii 

In  colouring  thi-  wooden  capital,  after  the  preliminary  opera- 
tions which  we  have  mentioned,  for  di  t.  rmining  the  outlii 
shadows,  proper  and  out,  it  i-  tir-t  -haded  throughoul  with  China 
ink,  and  when  this  shading  has  rear!,,  da.  pth,  and 

is  thoroughly  dry.  the  whole  surface  is  to  be  covered   wil 
wash,  which  may  he  a  mixture  of  gamboge,  lake,  and  China  ink, 
or  burnt  amber  alone.  in  fact,  should  be  analogous  to 

thai  of  fig.  I.  Plate  N.;it  should,  however,  always  be  fainter  than 
in  that  example,  which  represents  the  material  in  section,  and  i-, 

Thil  procet  linr,;  may  he  i  ssily  modified,  and  ma 

:il  method,  bj  leaving  certain  parts  of  the 
colonred,  and  by  softening  off  the  ihadi 
where  thi  irith  a  nearly  dry  brush,    [f,  I 

■  hat   familiarized  with  the  nee 
ash  and  the  i  he  may.  as   we   haw- 

said,  omit  the  preliminary  lh ading  in  hlack,  by  modifying  each 
1  iid  OH,  mixing  the  China  ink  directly  with  the  colours, 

and  then  gradually  brii  ogtothe 

system  of  fiat  waahae,  or  the  more  diffleull  one  of  softened  shades. 

Care  must  he  taken  in  laying  00  thl  iinneiice  at  the 

i  at-,  and  then  to  oover  1 1 .  in  by  the  subse- 
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quent  washes,  which  gradually  approach  the  bright  part  of  the 
object ;  for  in  this  way  a  more  brilliant  and  translucent  effect  will 
be  obtained. 

When  the  objects  are  of  wood,  it  is  customary  to  represent  the 
graining  in  faint  irregular  streaks,  care  being  taken  to  make  these 
as  varied  as  possible.  A  general  idea  of  the  effect  to  be  produced 
will  be  obtained  from  fig.  1. 

Following  out  these  principles,  the  draughtsman  may  proceed  to 
colour  various  other  objects  composed  of  different  materials,  merely 
varying  the  mixtures  of  colour  according  to  the  instructions  given 
in  reference  to  Plate  X. 

Fig.  2  represents  the  top  of  a  chimney  of  brickwork,  the  form 
being  circular.  In  this  external  view,  the  outline  of  each  brick  is 
indicated ;  and  to  render  them  more  distinct  from  each  other,  a 
line  of  reflected  light  has  been  shown  on  the  edges  towards  the 
light,  near  the  brighter  part  of  the  chimney.  Indeed,  it  is  generally 
advisable  to  leave  a  narrow,  pure  white  light  at  the  edges  of  an 
object  which  are  fully  illuminated,  as  it  gives  an  effective  sharp 
appearance. 

Fig.  3  represents  the  base  of  a  Doric  column  in  stone,  showing 
the  flutinga.  This  being  an  external  view,  the  tint  to  represent 
the  .stone  is  not  made  nearly  so  strong  as  for  the  sectional  stone- 
work, represented  in  Plate  X.  A  yellowish  grey  may  be  used  for 
it,  made  by  mixing  gamboge,  the  predominant  colour,  with  a  little 
China  ink,  adding  a  little  lake  to  give  warmth. 

These  three  examples  of  wood,  brick,  and  stone,  represent  bodies 


with  rough  surfaces,  and  which,  therefore,  can  never  receive  such 
brilliant  lights  as  objects  in  polished  metal;  no  part,  indeed,  should 
be  entirely  free  from  some  faint  colour. 

Fig.  4  represents  a  nut  or  bolt-head  of  wrought-iron ;  and,  as 
we  have  supposed  it  to  be  turned  and  planed,  and  polished  upon 
its  entire  surface,  it  has  been  necessary  to  leave  pure  white  lights 
at  the  brighter  parts,  to  distinguish  the  surfaces  from  those  which 
are  rough  and  dull.  It  is  the  same  in  the  example,  fig.  5,  repre- 
senting the  base  of  a  polished  cast-iron  column,  and  in  the  lateral 
projection,  fig.  6,  of  polished  brass  upper  and  lower  shaft-bearings 
or  brasses. 

We  would  hope  that  the  principles  of  shadows  and  shading,  ex- 
plained and  exemplified  in  the  last  two  chapters,  may  serve  as 
sufficient  guides  for  the  various  applications  which  may  present 
themselves  to  the  draughtsman — whether  his  skill  be  called  forth 
to  render  the  simple  effects  of  light  and  shadow,  or  to  produce  the 
gradations  of  shade  and  colour  due  to  roundness  or  obliquity  of 
surface — to  the  various  positions  of  the  objects  in  their  polished  or 
unpolished  state,  and  to  the  various  materials  of  which  they  may 
be  composed. 

Thus,  it  will  be  understood,  that  although  two  objects  are  pre- 
cisely alike  in  material  and  form,  if  they  are  situated  at  unequal 
distances  from  the  spectator,  the  nearer  one  of  the  two  must  be 
coloured  more  strongly  and  brilliantly  than  the  more  distant,  more 
force  and  depth  being  given  to  the  darker  shades. 


CHAPTER  IX. 
THE  CUTTING  AND  SHAPING  OF  MASONRY. 

PLATE  XXXIV. 


374.  The  operation  of  stone-cutting  has  for  its  object,  the  pre- 
paring and  shaping  stones  in  such  manner  that  they  may  be  built 
up  into  any  desired  form  in  a  compact  and  solid  manner ;  great 
care  and  skill,  as  well  as  mathematical  knowledge,  is  more  parti- 
cularly required  in  the  preparation  of  stones  for  arches,  vaults, 
arcades,  and  such  like  structures. 

The  study  of  the  shaping  of  stones  is  based  entirely  upon  de- 
scriptive geometry,  being  indeed  but  a  particular  application  or 
branch  of  it,  and  in  it  have  to  be  considered  the  generation  of  sur- 
faces, as  well  as  their  intersections  and  developments. 

In  proceeding  to  adapt  the  stones  to  the  position  they  are  to 
occupy,  the  mason  should  prepare  a  preliminary  drawing  of  the 
actual  size  of  each  stone,  as  well  as  a  general  view  of  the  entire 
erection,  indicating  the  joints  of  each  stone ;  these,  according  to 
the  various  positions  to  be  occupied  by  them,  are  called  key  stones, 
arch  stones,  &c. 

It  is  not  our  intention  to  give  a  complete  treatise  on  the  shaping 
of  masonry ;  but,  as  this  study  seems  to  belong,  in  part,  to  geome- 
trical drawing,  we  have  thought  it  quite  within  the  design  of  the 
present  work  to  give  a  few  applications,  sufficient  to  show  the  line 
of  procedure  to  be  followed  out  in  operations  of  this  nature. 


THE    MARSEILLES    ARCH,    OR   ARRIERE-VOUSSURE. 
Figures  1  and  2. 

375.  We  propose  to  prepare  the  designs  for  the  bay  and  arch 
of  a  door  or  window,  to  be  built  of  stonework,  the  upper  part  being 
cut  away,  so  as  to  present  a  twisted  surface,  analogous  to  that 
known  as  the  arricre-voussure  of  Marseilles. 

This  surface  is  such  as  would  be  generated  by  a  straight  line, 
C  A,  kept  constantly  upon  the  horizontal,  C'  k',  projected  verti- 
cally in  the  point,  c,  and  moved,  on  the  one  hand,  upon  the  semi- 
base,  B  E  D,  of  a  right  cylinder,  having  c'  k'  for  its  axis ;  and,  on 
the  other,  upon  the  circular  arc,  F  K  A,  situated  in  a  plane  parallel 
to  that  of  the  base,  bed. 

The  lateral  faces,  pbln  and  A  r  q  d,  of  the  bay,  are  vertical, 
and  are  projected  horizontally  in  f'  b'  and  a'  d',  fig.  2.  These 
faces  intersect  the  twisted  surface  at  the  curves,  F  B  and  A  D,  which 
we  shall  proceed  to  determine. 

For  this  purpose,  the  first  thing  to  be  done  is  to  seek  the  pro- 
jections of  the  straight  generator  line,  c  A,  as  occupying  different 
positions,  so  as  to  obtain  their  points  of  intersection  with  one 
of  the  oblique  planes. 
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off,  Ir  K,  equal  to  ri  K,  fig.  2,  and  joining  the  points,  li  n2,  fig.  7,  we 
get  the  inclination  of  the  generatrix  line,  n2  h',  which  is  projected 
vertically  at  n  A,  fig.  1 .  The  form  of  the  joint  face  is  completed  by 
drawing  the  horizontal  lines,  02w\  K z,  y'v,  and  the  verticals,  u V 
and  e'y,  which  last  are  already  given  full  size  in  fig.  6.  It  will 
be  observed  that  fig.  7  is  on  the  plate  removed  a  little  to  the  right 
of  the  vertical,  o2  u- ;  but  this  is  a  matter  of  no  importance,  and  is 
merely  done  for  convenience  sake. 

The  same  system  of  auxiliary  projections  is  applicable  to  the 
determination  of  the  dimensions  of  the  other  face  of  this  piece — 
namely,  that  projected  at  m  g,  which  is  brought  round  to  the  hori- 
zontal, m2g2,  and  drawn  with  full  dimensions  in  fig.  8 ;  only,  for 
this  last  face,  it  is  necessary  to  bear  in  mind  the  portion  of  the  line 
of  intersection  of  the  sides  with  the  arched  part  which  it  contains, 
and  which  is  obtained  in  its  actual  proportions,  as  at  a2ras,  by 
means  of  a  template  formed  to  the  curve,  a"  m'',  in  fig.  1 .  The 
stone,  Y,  beneath,  of  course,  contains  the  remainder  of  the  inter- 
sectional  curve. 

The  methods  just  explained,  in  regard  to  the  shaping  of  the 
key-stone  and  one  of  the  corner-stones,  may  be  extended,  with- 
out difficulty,  to  the  remaining  portions  of  this  Marseilles  arch. 

In  this  application  it  has  been  necessary  to  determine  the  pro- 
portions of  the  twisted  bay  of  the  arch,  as  well  as  the  faces  of  the 
joints ;  but  in  the  more  general  case  of  straight  bays,  such  as  that 
represented  in  fig.  I"*,  the  operations  are  considerably  simplified, 
and  the  designer  has  merely  to  attend  to  the  form  of  the  joint  faces, 
making  use,  for  this  purpose,  of  the  auxiliary  projections,  as  above 
described.  The  delineation  of  the  various  parts  of  this  figure  pre- 
senting no  new  peculiarity,  it  need  not  further  detain  us. 

378.  Let  it  be  proposed  to  delineate  a  circular  vault  with  a 
full  centering,  bounded  by  two  plane  surfaces  oblique  to  its  axis, 
figs.  9  and  10.  This  example  is  taken  from  the  entrance  to  the 
tunnel  on  the  Strasbourg  Railway,  near  the  Paris  terminus,  and  it 
is  a  form  frequently  met  with  in  the  construction  of  railways. 

In  the  representation  of  this  vault,  we  have  supposed  one  of  the 
oblique  planes  to  be  parallel  to  the  vertical  plane  of  projection, 
and  it  consequently  follows  that  the  axis  of  the  arch  is  inclined  to 
this  plane. 

Let  a  b  be  this  axis,  and  c  d  the  horizontal  projection  of  a 
plane  at  right  angles  to  it ;  with  the  point,  b,  as  a  centre,  describe 
the  semicircle,  C  A  D,  representing  the  arch  in  its  true  proportions, 
as  brought  into  the  plane  of  the  picture.  Let  us  suppose  this 
semicircle  to  be  divided  into  some  uneven  number  of  equal  parts, 
as  in  the  points,  a,  b,  c,  d,  e,f;  through  each  of  these  points  draw 
straight  liues,  passing  also  through  the  centre,  B,  and  representing 
the  joints,  ag,bA,  ci,  of  the  arch  stones,  being,  of  course,  normal 
to  the  circular  curvature  of  the  arch,  and  being  limited  in  depth, 
as  we  shall  suppose,  by  the  second  outer  semicircle,  g  i  I,  concen- 
tric with  the  first.  Each  of  these  joint  faces  intersects  the  cen- 
tering of  the  arch  in  a  straight  line  parallel  with  its  axis,  and 
the  horizontal  projections  of  these  intersections,  as  seen  from 
below,  are  obtained  simply  by  drawing  through  the  points,  a,  b,  c,  d, 
lines  parallel  to  the  axis,  B  A ;  these  last  extend  as  far  as  the  ver- 
tical plane,  A  E,  which  bounds  a  portion  of  the  vault.  The  external 
faces  of  the  key  and  arch  stones  are  limited  by  straight  vertical 
lines,  such  as  mh,  in,  oj,  and  horizontals,  as  mi  and  no. 


We  have  now  to  obtain  the  projections  on  the  vertical  plane, 
fig.  10,  of  the  intersection  of  each  of  the  arch  stones  by  the  plane, 

AE. 

We  may  remark,  in  the  first  place,  that  since  this  plane  is 
oblique  to  the  axis  of  the  cylindrical  arch,  it  produces  an  elliptical 
section,  having  for  its  semi-transverse  axis  the  length,  c'a,  and 
for  its  semi-conjugate  axis,  the  length,  a  b',  equal  to  the  radius, 
a'  b.  As  much  of  this  ellipse  as  is  required  is  drawn  according 
to  one  or  other  of  the  many  methods  given  (53,  et  seq.) — say  as  at 
c'  b'  b',  fig.  9,  which  curve  is  reproduced  at  c"  6"  as",  in  the  eleva- 
tion, fig.  10. 

If  we,  in  like  manner,  obtain  the  projection  of  the  semicircle, 
Fil,  which  limits  the  radial  joints,  we  shall  also  obtain  the  por- 
tion of  an  ellipse,  v"g"l',  and  we  have  further  merely  to  project 
the  points,  a,  U ,  c,  upon  the  first  ellipse,  in  a"  b"  c" ;  as  also  on  the 
second  one,  the  points,  g",  li',  i",  corresponding  to  g  h  and  i.  The 
straight  lines,  f"  c",  g"  a",  h"b",  i '  c",  represent  the  intersections 
of  the  faces  of  the  arch  stone  joints,  with  the  plane,  A  E. 

The  vault  being  supposed  to  extend  no  further  back  than  the 
plane,  c  d,  it  will  be  necessary  to  represent  the  intersection  of  this 
last  with  the  arch  stones  which  extend  thus  far  upon  this  plane, 
c  d.  We  have,  therefore,  to  project  the  elliptic  curves,  c'"  b'"  c'" 
and  f'"  g'"  i'",  corresponding  to  the  quarter  circles  of  the  radii, 
F  B  and  C  B.  As  the  arch  stones  cannot  extend  the  entire  length 
of  the  vault,  they  are  limited  by  planes,  MN,  perpendicular  to  the 
axis,  and,  consequently,  parallel  to  C  D,  so  that  the  projections  of 
these  joints  will  be  but  repetitions  of  portions  of  the  same  elliptic 
curve ;  care  is  taken  so  to  dispose  the  blocks  of  stone,  that  no  two 
joints  form  a  continuous  line,  the  joints  in  one  course  being  brought 
between  those  in  the  adjacent  ones,  as  is  customary  in  all  brick 
and  stone  work. 

379.  We  have  now  to  determine  the  intersection  of  the  oblique 
plane,  A  G,  with  the  remaining  half  of  the  same  circular  vault,  and 
then  to  obtain  the  projection  of  this  intersection  upon  the  vertical 
plane. 

The  plane,  A  g,  also  produces  an  elliptical  section  of  the  vault ; 
this  is  represented  at  g'  g  t,  as  brought  into  the  picture  in  the  auxiliary 
diagram,  fig.  11,  which  gives  its  actual  proportions;  the  semi- 
transverse  axis,  g'  o,  of  this  ellipse  is  equal  to  G  A,  and  its  semi- 
conjugate  axis  is  equal  to  the  radius,  a'  b,  of  the  vault. 

After  having  divided  this  curve  into  a  certain  uneven  number 
of  equal  parts,  draw  normals*,  p  u,  q  v,  r  x,  s  y,  and  t  z,  through 
the  points  of  division  representing  the  joints  of  the  arch  stones, 
the  remaining  sides  of  the  external  faces  of  which  are  limited  by 
horizontals  and  verticals,  as  before. 

If  the  vault  is  supposed  not  to  extend  beyond  the  plane,  a  g, 
the  arch  stones  will  have  to  be  shaped  as  facing  stones,  and  their 
joints  will  require  to  be  set  oft'  upon  the  first  ellipse,  g'  q  t,  and  to 
be  limited  by  the  second,  li'  q"  C;  obtained  from  the  intersectional 
plane,  H  I,  drawn  parallel  to  A  G  ;  by  drawing  straight  lines  from 
the  points  of  division  obtained  upon  the  ellipse,  g'  q  t,  to  the  centre, 
o,  we  obtain  the  points,  p2,  q',  r*,  s2,  of  intersection  of  these  lines 
upon  the  second  ellipse,  and  the  straight  lines,^^>2,  q  q2,  r  r2,  s  s2,  re- 
presenting the  intersections  of  the  arch  stones  with  the  inside  of  the 

c  A  line  is  said  to  be  normal  to  a  curve,  when  it  is  perpendicular  to  a  tangent  to  the 
curve  passing  through  its  point  of  intersection  with  the  curve  (73). 
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DIAMETER    OF   THE   WHEEL. 

383.  The  diameter  to  be  given  to  a  wheel  of  this  description  has 
not  been  accurately  determined,  because  it  has  not  a  direct  influ- 
ence upon  the  useful  effect  that  may  be  obtained  from  it.  Never- 
theless, it  is  manifest  that  it  should  not  be  too  small ;  for  in  that 
case  the  water  would  be  admitted  too  nearly  in  the  horizontal  line 
passing  through  the  centre,  or  even  above  it,  which  would  cause 
great  loss  of  power.  Neither  should  it  be  too  great,  for  in  that 
case  the  exaggerated  dimensions  would  but  involve  an  increased 
bulk  and  weight,  and,  consequently,  a  greater  load  and  more 
friction,  without  any  compensating  advantage. 

In  general,  for  a  fall  of  from  2  to  3  metres,  it  is  advisable  to 
make  the  extreme  radius  of  the  wheel  at  least  equal  to  the  mean 
height  of  the  fall,  augmented  by  twice  the  depth  of  the  water  upon    i 
the  edge  of  the  outlet. 

Thus,  in  the  case  before  us,  the  height  of  the  fall  being  limited 
to  2-475  m.,  the  outer  radius  of  the  wheel  should  not  be  less  than 
2'475  m.  plus  twice  the  depth  of  the  overflowing  body  of  water 
when  at  its  fullest — say  -6  m. ;  that  is  to  say,  in  all,  3-075  ra., 
which  corresponds  to  a  diameter  of  6-15  metres. 

Water-wheels,  on  the  same  system,  with  a  fall  of  water  of  from 
2-6  to  2-7  metres,  have  often  an  extreme  diameter  no  greater  than 
this. 

VELOCITY   OP    TnE   WHEEL. 

384.  Theoretically  speaking,  the  velocity  which  it  is  convenient 
to  give  to  an  undershot  water-wheel  should  be  equal  to  half  that 
due  to  the  height  of  the  overflow  of  the  water ;  that  is  to  say, 
equal  to  from  1-  to  1-1  m.  in  the  present  case.  Neverthless,  prac- 
tice shows  that  this  rule  may  be  departed  from  without  inconve- 
nience, and  the  wheel  may  be  made  to  attain  a  velocity  of  from 
1'5  to  1'6  m.  per  second  at  pleasure,  which  is  a  very  great  advan- 
tage in  many  circumstances. 

If  the  wheel  makes  three  turns  per  minute,  the  mean  velocity 
at  the  outer  circumference,  and  at  the  edges  of  the  floats,  will  be — 

6-15  X  31416  X  3 

— =  1-021  m.  per  second. 

Thus,  when  the  height  of  the  overflow  is  -24  m.,  the  correspond- 
ing velocity  of  the  water  being  2-17  m.  nearly,  as  shown  in  the 
table  at  page  94,  which  gives  the  heights,  23-5G  and  24-G7  cent., 
therefore,  the  ratio  of  the  velocity  of  the  wheel  to  that  of  the 
water  is  -47  :  1. 

If  the  height  of  the  overflow  were  reduced  to  -15  m.,  which 
supposes  that  the  discharge  would  only  be 

101  litres  X  6-32  m.  =  638  litres  per  second, 
the  corresponding  velocity  of  the  water  would  not  be  more  than 
1-72;  and  in  this  case,  the  ratio  of  the  velocity  of  the  wheel,  sup- 
posing it  to  be  still  the  same,  to  that  of  the  water,  would  be — 
•595  :  1. 

XUMDER   AND   CAPACITY    OF    THE    P.UCKETS. 

385.  Although  the  number  of  buckets  cannot  be  determined  in 
accordance  with  any  exact  rule,  it  is,  nevertheless,  of  importance 
that  their  pitch  should  not  be  much  greater  than  the  depth,  or 
thickness,  of  the  overflowing  body  of  water  acting  upon  them.      It 


is  also  necessary  that  the  number  of  the  buckets  should  be  divisible 
by  that  of  the  arms  of  the  wheel,  so  that  the  whole  may  be  put 
together  conveniently. 

Now,  since  the  outer  circumference  of  the  wheel  is 
615  X  3-1416  =  19-32  metres, 
we  can  very  conveniently  give  it  8  arms  and  64  buckets;  and  the 
pitch  of  these  last  will  be  -32  m.  With  this  distance  between  the 
buckets,  there  should  not  generally  be  a  greater  depth  of  overflow 
than  -25  or  -26  m. ;  because,  at  -27  m.  the  water  will  begin  to 
choke,  as  it  will  not  be  admitted  easily  into  the  buckets,  and  will 
rebound  against  the  interior  of  the  channel,  giving  rise  to  a  con- 
tinual shaking  action. 

Thus,  then,  in  determining  the  number  of  buckets  for  an  under- 
shot water-wheel,  receiving  the  water  from  an  overshot  outlet,  it 
is  necessary  to  calculate  the  spaces  between  them,  so  as  to  be 
about  a  third,  or  at  least  a  fourth,  greater  than  the  depth  of  the 
water  at  the  outlet,  whilst  their  number  must  be  divisible  by  the 
number  of  arms  of  the  wheel. 

For  water-wheels  of  from  3-5  to  4-75  metres  in  diameter,  six 
arms  for  each  rim  or  shrouding;  for  wheels  of  5  to  7  metres  in 
diameter,  there  should  always  be  eight  arms  for  each  shrouding; 
and  the  number  of  arms  should  obviously  increase  for  wheels  of 
greater  diameters  than  7  metres,  of  which,  however,  there  are  but 
few  examples. 

AVith  regard  to  the  capacity  of  the  buckets,  and  the  channel 
taken  together,  it  should  be  equal  to  at  least  double  the  volume  of 
water  discharge.  Therefore,  on  this  basis,  we  can  always  easily 
determine  the  depth  to  be  given  to  the  buckets,  when  the  maximum 
discharge  is  known. 

Thus  allowing,  in  the  present  instance,  the  maximum  discharge 
to  be  1,340  litres  per  second,  instead  of  1,200,  since  the  velocity 
at  the  outer  circumference  is  1-021  m.  per  second,  the  number  of 
buckets  contained  in  this  space  is  equal  to 

1-021  -^  -32  =  3-19. 
Then— 

1-340  -r-  3-19  =  -43  cubic  metres  nearly, 
the  quantity  which  should  be  in  each  bucket  during  the  revolution 
of  the  wheel.  If,  then,  the  capacity  is  to  be  double  this,  it  will 
be  equal  to  -86  cubic  metres.  The  product,  however,  of  the 
width,  6-38  m.,  of  the  wheel,  multiplied  by  the  space  between  two 
consecutive  buckets,  -"2  m.,  is  equal  to  2022  m. 

We  have,  then,  -86  -^  2-022  =  -42  m.,  for  the  depth  of  the 
buckets.  The  distance  between  the  buckets,  however,  is  not  the 
same  at  the  inside  as  at  the  extremities,  and  the  capacity  is  also 
further  diminished  by  the  thickness  of  the  sides  of  the  buckets, 
and  by  the  inner  portions,  which  make  an  angle  of  45°  with  the 
outer  portions.  For  these  reasons,  the  depth  should  be  somewhat 
increased.  When  the  discharge  of  water  is  considerable,  and  we 
are  limited  as  to  the  width  of  the  wheel,  it  is  preferable  to  do 
away  with  the  inner  inclined  portion  of  the  buckets,  as  indicated 
in  the  drawing,  Plate  XXXVI.,  prolonging  them  considerably 
towards  the  centre  of  the  wheel. 

USEFUL   EFFECT   OF   THE   WATER-WnEEL. 

386.  The  absolute  force  of  a  stream  of  water  is  the  product 
of  the  water  discharged  per  second,  expressed  in  kilogrammes,  by 
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[pressed  in  nn'rev  or  the  weight  in  poundi 

i-  1300  litres  or  kilog.  per  second, 
nnd  the  total  height  <-f  tli.-  f.ill  2'476n.,  the  product  of  1 
in  kilogrammetre*  lha  absolute  i 
may  U-  i 

•re  have,  therefore — 

1300  X  -  176  =  .".-'17  I.  n  .  an  1  .I.M7  4-  7.'.  =  -13  horses-power. 

and  cir- 
cular channel*,  when   will    i  utilizing 
r  cent,  of  the  absolute  force  of  a  •' 

■  receive 
the  wal  t  Uowing  circumstance* : — 

•  of  the  fill,  or  the 

without  sensible 
i 

2d    Tl     quantity  of  per  second  is  supposed 

to  be  almost   uniform.  trad  by  a  vertical  sluice-gate, 

with  couplet!  •  the  outlet. 

th  of  the  sluice-gate  is  '6  m.,  the  height  of  the 

II  in.,  and   tl  roir  level 

55  m. 

e  at  page  ill.  of  the  discharge*  of 

i*  the  qoantity  which 

at  an  orilice  '14  m.  in  height,  by  1  metre  wide;  and  with  a 

to  a  height  of  -55  m.,  we  have,  con- 

Dtljr, 

280  X    '-  =  1 -in  litres. 
Tnil  ducharga  being  known,  if  we  are  not  limited  to  any  parti- 
cular  width  of  wheel,  it    may    I  .     c  instructed   thus,   for 

•  as  can  be  i  rdinary  circum- 

■ 

should  be  regulated  to  about  one 
i  el  the  circumfereni 

-  velocity  would  be  counterbalanced  by  the 
in  the  width  of  the  whet  I. 
lopt  the  velocity,  v,  of  l  metre,  we  find  that  V,  of  the 

•  its  point  of  escape  iV the  outlet,  should  l»-  2 

id, to  mi  with  pn. per  effect  upon  the  bucket*;  now  it 
i  n  in  the  tab) 

•lit  of  "205  in.  above  the  centre  of  the  orifice. 
This  tha  total  hll. 

of  watt  r.  it  i-  advisable  to  make  t!  • 
of  the  orifice  aa  small  a  that  the  depth  of  th 

which  will  permit  of  it*  entering  the  hurl. 

ly  :  it  may  I  m..  or  II  =    I 

The  half  of  thi*  height,  or  ■08  m.,  mnat  be  add 

the  whole  hi  ■■  r  in  the  duet  behind 

.  rel  to  the  lower  i  dge  of  tha 

Taking  also  01  for  • 

the  front  of  tl ntlel  t"  the  top  of  the 

ind  01  in.  for  I  whit  li  m  \j  be  su]  | 

nd  the  latter ;  aftet 


bag  all  there   quantities    from    the  total    fill,    0* 
shall  have  rema. 

+  -03  +  -01  -f  01    =  I 
for  the  extreme  dian.  I 

and  the 
width  of  the  out 

so  that  it  may  not  meet  with  contraction  li  I  or  bot- 

table  on 

the  nura- 

••  charge 

-J  m. ;  it  must  also  be  dividi  A  by  th  I  125,  when  we 

shall  ha 

=  1-CCm. 

for  the  width  of  the  outlet  01 

By  aiding    1  m.  to  !  h   of  the 

ptb  of  the  buck'  is  is ih  termined  thus: — 
8  X    U"m. 


d  = 


=  I'M  :.,.: 


3  X  17S  in.  x  1  ni. 
consequently,  the  internal  diameter.  </.  oftl  me* — 

d •  =  ■  .  i  x  -'   =  3-: 

Ry  ai  di  [  th   about  a  fifth,  which  will   make  it 

■257  in.,  we  get  the  distance  to  be  allowed  I  uckcts; 

.so  that,  M  the  internal  circumference  is  equal  to — 

.Ml  X  3-877=  12 -174  in- 
dividing  this  by  '257,  it  becomes 

— „,„    =  -17  >!;  ray  47  I 

For  a   water-wheel.    In  IWI Mr.   of    I 
meter,  there  should  be  eight  arms;  and  if  it  is  intended  to  make 
the  shroc  iron,  and   in   segment*,  it    is   advisable  that 

the  numl 
v.i.i,  nt  to  bavi  ','.  and  in  this  case  the  space  allowed 

12174 -r  ts  =  ■254  m. 
It  now  merely  remain*  to  draw  the  wheel;  for  this  purpose, 
the  concentric  internal  and  external  with  the 

determined    radii:   tli.  divided    into   '. 

parts,  and  radii  are  drawn  thl  as  Indi- 

cated in   Plate  XXXV]  rward   from  the 

internal  circle,  is  marked  ofT  a  distance  equal  tO  a  little  n 

half  the  depth  of  the  I  I  2  in.,  to  indicate  the  bottoms 

of  the  be 

The  water  wl  hrncl    1  in  this  raai 

off  79  or  if  the  absolute  force  of  tha  fall  of  water. 
Now  thl  .1  to — 

— =  >  ,.|  liorsi  -  |m,\\  ,  r. 

I ,  |     |  .  |  ... 

.     still   calculi- 
ted  by  I 
will  be  • 

The  number  of  revolutions  which  this  wheel  should  make  per 
minuti  . 
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CO  4-  4-305  X  3-14  =  4-44, 
since  its  velocity,  v,  is  1  metre  per  second,  or  GO  metres  per 
minute. 

In  tracing  out  the  preceding  solution,  it  will  have  been  seen  that 
the  width  to  be  given  to  the  wheel  is  1-76  m. ;  a  much  less 
width  might  have  been  obtained,  by  making  the  wheel  revolve 
faster,  and  by  augmenting  the  velocity  of  the  water  also.  Let  us 
suppose,  for  example,  that  the  question  has  to  be  solved  on  the 
hypothesis,  that  the  velocity  of  the  water-wheel  is  to  be  1-5,  in- 
stead of  1  metre,  per  second ;  it  will  then  be  necessary,  in  order 
that  the  water  may  escape  from  the  orifice  at  double  this  velocity, 
that  it  be  equal  to  3  metres  per  second. 

For  this  velocity,  the  height  of  the  upper  level,  above  the  centre 
of  the  orifice,  should  be  '46  m. 

Allowing  -06  m.  for  the  height  of  the  open  part  of  the  sluice- 
gate, the  whole  height  above  the  wheel  will  be 

•46  -f  -03  +  -02  —  -51  metres; 
consequently,  the  outer  diameter  of  the  latter  should  be 

d  =  4-56  —  -51  =  4-05  metres, 
the  width  of  the  sluice-gate,  or 

■140  „  «     , 

w  =  -— =  1-11  metres, 

■06  X  3  X  '7 
and  consequently  the  width  of  the  wheel, 

=  111  +  -10  =  1-21  metres. 

This  width,  it  will  be  seen,  is  considerably  less  than  that  first 
calculated.  This  wheel,  however,  which  is  narrower,  and  revolves 
at  the  rate  of  15  metres  per  second,  will  not  be  capable  of  trans- 
mitting so  great  a  useful  effect,  by  four  or  five  per  cent.  Never- 
theless, it  may  be  preferable  in  many  circumstances  to  adopt  this 
lesser  width,  either  to  render  the  wheel  lighter  and  less  costly  in 
construction,  or  to  avoid  the  necessity  of  much  intermediate  gear 
between  the  wheel  and  the  machinery  to  be  actuated.  Thus, 
it  is  evident  that  this  wheel  should  make 

(60  X  1-5)  -J-  (4-305  X  3-14)  =  666  revolutions  per  minute, 
whilst  the  first  wheel  only  made  4-44. 

The  other  parts  of  the  wheel  are  proportioned  according  to  the 
above  rules ;  they  will,  however,  differ  but  slightly  from  those  of 
the  first  wheel. 

The  proportions  of  the  water-wheel  might  still  be  otherwise 
modified  ;  thus,  the  depth  of  water  at  the  outlet  might  be  allowed 
to  be  greater  than  that  taken  for  a  basis  in  the  preceding  cal- 
culations. Thus,  the  outlet  might  be  opened  to  the  height  of 
•1  m.  instead  of  only  -06  m.  :  in  this  case,  the  width  of  the  outlet 
and  of  the  wheel  would  be  much  less.  But  this  arrangement  would 
have  many  disadvantages,  for  it  would  be  necessary  to  make  the 
buckets  more  open ;  that  is  to  say,  the  angle  made  by  the  outer 
portion  of  the  bottom  of  the  bucket  with  the  tangent  to  the 
circumference  passing  through  its  extremity,  instead  of  being  15° 
or  16°,  as  is  usual,  would  have  to  be  30°  or  32°  ;  the  buckets 
would  have  to  be  deeper  and  more  capacious ;  they  would 
empty  themselves  sooner :  from  all  which  causes  would  follow 
a  decrease  in  the  useful  effect  given  out,  which  might  reach 
even  15  per  cent. 

It.  is  true,  on  the  other  hand,  that  the  width  of  the  outlet  would 
be  reduced  to   1  metre,  supposing  the  wheel  to  revolve  at  the 


rate  of  1  metre  per  second,  and  that  it  would  not  be  more  than 
•67  m.  when  the  wheel  revolves  at  the  rate  of  1-5  m.  per  second; 
in  which  case,  the  depth  of  the  buckets  would  be  about  -34, 
and  the  spaces  between  them  -4  m.  each. 

It  will  be  easily  conceived  that  such  an  arrangement  cannot  be 
advantageously  adopted,  except  where  there  is  plenty  of  water  to 
spare,  and  when  the  constructor  is  limited  as  to  the  width  of  the 
wheel. 

WATER-WHEELS    WITH   RADIAL   FLOATS. 

388.  In  old  mills  we  sometimes  meet  with  water-wheels  which 
"have  plane  floats  placed  radially,  working  in  straight  inclined 
channels,  with  a  vertical  outlet  more  or  less  distant  from  the  centre 
of  the  wheel. 

These  wheels  generally  give  out  25  to  35  per  cent,  of  useful 
effect  of  the  absolute  force  of  the  stream.  In  them  the  floats  are 
three  or  four  centimetres  clear  of  the  sides  of  the  channel ;  when 
a  greater  space  than  this  is  allowed,  the  useful  effect  is  sensibly 
diminished.  Generally,  the  width  of  such  wheels  is  equal  to  that 
of  the  outlet. 

At  the  present  day,  water-wheels  are  never  constructed  with 
plane  floats  arranged  in  this  way.  When  a  wheel  is  required  to 
have  a  great  velocity,  it  is  preferable  to  construct  it  to  work  in  an 
enclosed  circular  channel,  and  to  receive  the  water  from  above,  or 
from  an  orifice  with  a  sufficient  column  above  it,  to  give  the  pro- 
portionate velocity  to  the  water. 

Such  wheels  are  constructed  in  the  same  manner  and  with  the 
same  care  as  undershot  water-wheels  ;  in  fact,  they  do  not  differ 
from  the  latter,  except  in  that  these  receive  the  water  from  an 
open-topped  or  overshot  duct.  The  useful  effect  given  out  by 
them  varies  from  40  to  50  per  cent.,  according  as  the  sluice-gate 
is  more  or  less  near  to  the  upper  level  of  the  water.  Thus,  the 
nearer  the  channel  approaches  to  the  upper  level,  the  more  like 
the  wheel  becomes  to  a  common  undershot  one,  and,  in  conse- 
quence, the  useful  effect  is  greater. 

In  the  construction  of  a  water-wheel  of  this  kind,  the  same 
rules  are  followed  as  are  already  laid  down  for  common  undershot 
wheels  with  open  outlets. 

Thus,  let  it  be  proposed  to  construct  a  wheel  for  a  fall  of  1-75 
metres,  and  with  a  discharge  of  440  litres  of  water  per  second : 
let  the  centre  of  the  outlet  orifice  be  at  -4  m.  below  the  upper 
level,  and  the  height  of  the  orifice  itself,  -15  m. 

By  referring  to  the  table  on  page  111,  it  will  be  seen  that  the 
discharge  of  water  through  an  orifice,  under  these  circumstances, 
is  255  litres  per  second  for  a  width  of  one  metre,  and  it  will  there- 
fore be  evident  that  the  wheel  should  have 

440 

=  1-72  metres  in  width. 

255 
The  velocity  of  the  water  at  the  sluice-gate,  corresponding  to 
the  column  of  -4  m.,  is  2-802  per  second;  consequently,  if  we  make 
the  velocity  of  the  wheel  equal  to  -55  times  that  of  the  water,  it 

will  be 

2-802  X  '55  =  1-54  metres  per  second. 
The  diameter  of  the  wheel  is  of  itself  a  matter  of  indifference ; 
it  should  be  reduced  as  much  as  possible,  so  as  to  lessen  the  cost 
of  construction  ;  notwithstanding,  it  should  never  be  less  than  twice 
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the  whole  height  of  the  fall ;  thu«,  in  I  mmple,  it  should 

not  be  leas  than  4  metre*. 

■ 

:  .if  the 
fall,  ami  •  I.      If  the  dia 

ntum  ami  act  . 

I 

— =  72,  tlir  numb,  i  u  per  minute. 

1416 

If  a  win i-l  of  thi»  diameter  wire  adapted  to  an 

:    iluct,  with  a  depth  of  water  at  tK  equal  to 

•2  in.,  the  Telocity  "ft'  '     " '  mefcree, 

ity  at  the  circumference  of  the  wheel  would  nut  be  more 
than 

X    56  =  1 

It,  the  number  of  ton 

X  '•" 

•   =  0  2  per  minute. 

4X81416  ' 

Rut  then,  aa  the  discharge  in  such  case,  at  an  overshot  outlet  of 

•2  in.  in  depth  ami  1  metre  in  width,  is  166  litres  per  s. 

table,  page  113),  the  width  of  the  wheel  im.  jnal  to 


=  2  7  ■ 


Tims,  it  will  be  seen  that  the  water-wheel  which  revolves  more 
-  narrower  than  the  one  with  the  ■  u  of  water 

by  an  open  outlet,  ami  it  i-.  DOOM  qin-iitly.    Il  M  OOBtly  in  conMrm-- 
I  then,  it  only  giro*  out.  ai 

n  out  by 
the  other  may  reach,  as  we  have  seen,  as  much  as  70 

With  regard   to  the  other  dimensions  of  the   wheel,  we  have 
:  has  been  said  about  the  common  under- 
shot water-wl 

wvn  i:\vmiti.s    with  UUKVBI1   BVCK1 

are  fitted  with  inclined  docti  for  t! .. 
lion  befog  I  mi  tre  for  erery  1  or  2 

; '.  t..  600  ;  th.  \  are  enclosed 
I  a  circular  channel,  and  b,  ' 
walls. 

Th.  v  I  for  low  fills  of  from   -5  to 

the  useful  effect 
■ 

■ 

and   that,  at  il 

•  of  1"  or  16 

of  the   wad  r.    and  H 

(rom  the 
.1  tu  the 
.  of  the 

that  <if  the.  . 
from  tl 

The  width,  t'  •■■  same  manner 


• ;  as  to  the  diameter,  it  may  be  re- 
,11.  but  it  should  never  be  leas  than 
• 

pth  of  the  rnrved  bucket*,  or  the  width  of  the  shrouding 
of  the  radii  of  the  wheel,  should  be  equal  to  tmf 
r 

•  than  I'2m.,  I 

ttlowiug  water,  should  be  fr..m   -^  t..  •■.'.'in.;  it  may  I* 
:   '<  m. 

-   are  in  the  form  of  a  cylindrical  curve, 

r,  ular  are.  tai  radius  at  the  inner  part, 

and  making  an  angle  ofabooa  21  ..r  2."<    with  the  sir.  am  of  water 
•    w»rd«  the  ii 

naenrnd  at  the  outer  circum- 
ir  thickness  is  21  t"  SB  ham- 
when    male  of  wrnu-'ht-irun  plat.  s.  ami  !  2 
wood.      The  bottom  of  the  channel  should  have  a  fall  or  inclina- 
tion of  about  l'jth  or  fSth— that  is  to  say,  equal  to  that  of  the 
dojo  of  a  triangle,  the  base  of  which  U  12  or  15,  and  the 
height  1  • 


300.   Amonget  the  varieties  of  turbines  which  receive  the  action 
of  the  wat.  r  tlimujliout  their  whole  circumference,  may  be  dis- 
•    which  discharge  the  water  at  tlit  ir  outer  circum- 
and  those  which  allow  it  to  escape  behind.      'I  i  • 
•  n  out  by  th. 
■ 

Forth  !iarge  of  water  is  cal- 

culated  in  accordance  with  themlea  and  tables  air. 

the  tir.-t  kind,  termed  cmtrii  the  internal  dia 

determined  by  multiplying  the  fourth  or  fifth  of  the  velocity  due 
4  :   tin  n  dividing  the  quan: 
■   tht  r.-Milt    "btained,  and  finally  extra 
square  root  of  the  quotient. 

Earn  that  the  fall  is  22  m.,  and  the  dis- 

I.     It  will  be  p»th.  i 
ill.  tint  the  Teh*  ity  dm  I 

22  in.  =  6*57  m. 
We  have,  then, 


— —  =  To42,  and     : 
4  5 


and  further, 


or, 


—  1-814: 


I    ■ 

f.r  the  internal  ■    turbine, 

i  the  internal  diameter  of  the  latter, 

which  . 

BI  in. 

.t.mal  diami  ;■  ■  the  internal  diameter 

multiplied  by  1  . 

•■•  1  181  in.; 
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1-137  to  1-319  m. 

When  the  height  of  the  fall  and  the  discharge  of  water  are 
variable,  the  diameters  should  be  calculated  for  the  extreme  cases, 
so  that  the  most  advantageous  proportion  may  be  adopted — that 
is,  the  one  which  will  give  the  best  result  throughout  the  greater 
part  of  the  year. 

If  the  variation  is  very  considerable,  there  should  be  two  or 
more  turbines  employed,  some  calculated  for  the  lowest  discharges, 
others  for  the  mean,  and  others  again  for  the  maximum  discharges. 

The  height  of  the  buckets — that  is  to  say,  the  vertical  distance 
between  the  two  discs  which  form  their  top  and  bottom — is 
generally  about  a  fifth,  or  a  fourth  at  most,  of  the  radius  of  the 
interior  of  the  wheel. 

Thus,  in  the  case  before  us,  the  diameter  being  -787  or  -874,  the 
radius  is  -3985  or  -437,  and,  consequently,  the  height  of  the  buckets 
should  be  -1  to  -11  m. 

The  buckets  being  cylindrical  in  form,  their  entrance  is  normal 
to  the  conducting  channels  which  direct  the  water  against  them, 
and  for  these  low  discharges  of  water  should  make  angles  of  G8°  to 
70°  with  the  internal  circumference  of  the  wheel — that  is  to  say, 
the  conducting  channels  should  make  angles  of  20  to  22°  with  the 
circumference.  When  the  discharges  are  large,  this  angle  may  be 
increased  to  30°  or  45°;  thus,  for  a  discharge  of  600  to  700  litres 
per  second,  it  is  considered  that  the  angle  should  be  about  30°. 

In  order  to  obtain  the  maximum  useful  effect,  the  velocity  of 
the  wheel  should  be  equal  to  about  -7  times  that  of  the  water ;  in 
practice,  one-tenth  may  be  added  to  this  ratio,  or  one-fifth  to  one- 
sixth,  without  materially  diminishing  the  useful  effect. 

The  space  between  each  bucket,  taken  at  the  internal  circum- 
ference, should  be  nearly  equal  to  the  distance  between  the  top  and 
bottom  discs  of  the  turbine ;  it  should,  however,  never  exceed  18  to 
20  centimetres.  The  internal  and  external  distances  between  the 
buckets  are  necessarily  in  the  ratio  of  the  internal  and  external 
diameters  of  the  wheel. 

In  the  following  table  we  give  the  principal  dimensions,  data, 
and  restdts  of  several  descriptions  of  turbines,  constructed,  within 
the  last  few  years,  by  MM.  Fourneyron,  Fontaine,  and  Andre 
Kcechlin. 

These  results  have  been  selected  under  circumstances  where  the 
best  useful  effects  were  given  out  :— 

TABLE  OF  DIMENSIONS  AND  PRACTICAL  RESULTS  OF  VARIOUS 
KINDS  OF  TURBINES. 


Data  and  Results. 


Total  fell 

Discharge  per  second, 

External  diameter, 

Depth  of  shrouding 

Height  of  outlet 

Number  of  buckets, 

Number  of  director  curves, 

Number  of  revolutions  per  minute, 

Useful  effect 

Katio  of  useful  effect  to  absolute) 
force, ) 


Fourneyr 


7-56  m. 
527  lit. 
•850  m. 
•110  m. 
•071m. 


185 
35  II.P. 

™°/„ 


l",.iinii'_\  n 


3-45  m. 

2500  lit. 

1-9  m. 

■335  m. 

•270  m. 

32 

24 

55 

80H.P, 

70°/o 


1-00  m. 
218  lit. 
1-33  m. 


KiMitaine. 


1-40  m. 

1400  lit. 

1-940  m. 

•23  m. 

04 


<l°/o 


Data  and  Results. 

Total  fall, 

Discharge  per  second 

External  diameter, 

Width  of  buckets, 

Number  of  buckets, 

Area  of  outlets, 

Area  of  escape  outlet  below  the  wheel, 
Number  of  revolutions  per  minute,... 

Useful  effect, 

Ratio  of  useful  effect  to  absolute  force, 


Jouval  Turbi 

cs,  constructed  by  M.  Andre 

k"  chlin,  Mulhouse. 

2-720  m. 

2-77  m. 

1-70  m. 

C84  lit. 

470  lit. 

355  lit. 

■800  m. 

•800  m. 

•810  in. 

•410  m. 

•100  m. 

120  m. 

16 

18 

18 

•290  sq.m. 

•220  sq.m. 

■0706  sq. m 

•450  sq.  m. 

•45  sq.m. 

•2977  sq.m 

90  to  158 

90  to  108 

90 

13  u.p. 

15  u.p. 

6  HP. 

72°/0 

72°/„ 

REMARKS  ON  MACHINE  TOOLS. 

TELOCITY  OF  THE  TOOL,  OR  OPERATING  PIECE,  IN  MACHINES 
INTENDED  TO  WORK  IN  WOOD  AND  METAL. 

391.  The  principal  machine  tools,  employed  in  machine  shops, 
are — 

1.  The  simple  lathe,  the  self-acting  lathe,  and  the  wheel-cutting 
lathe,  with  adjustable  table. 

2.  Boring  machines  of  various  dimensions,  and  radial  drilling 
machines. 

3.  Horizontal  and  vertical  shaping  machines. 

4.  Planing  machines  with  a  fixed  tool,  or  with  a  moveable  one, 
so  as  to  work  both  ways. 

5.  Mortising  or  slotting  machines,  having  a  vertical  tool  with  a 
revolving  table  below. 

6.  Machines  for  finishing  nuts  and  screws. 

7.  Machines  for  cutting  screws  and  bolts. 

8.  Dividing  engines,  for  dividing  and  cutting  toothed-wheels  of 
all  dimensions. 

9.  Straight  and  curved  shears,  for  shearing  plates. 

10.  Punching  and  riveting  machines. 

11.  Steam  and  other  hammers. 

12.  Straight  and  circular  saws. 

The  velocity  of  the  cutting  tools,  in  these  machines,  varies 
according  to  the  nature  of  the  material,  and  the  quality  of  work 
desired. 

In  general,  for  soft  cast-iron,  it  is  convenient  to  give  a  velocity 
of  seven  to  eight  centimetres  per  second  to  the  tool,  in  such 
machines  as  lathes,  and  planing  and  slotting  machines.  This  ve- 
locity should  be  reduced,  at  least,  to  four  or  five  centimetres  in 
shaping,  drilling,  and  screwing  machines.  When  the  cast-iron  is 
hard,  the  velocity  is  considerably  diminished. 

For  wrought-iron,  the  velocity  may  be  advantageously  increased 
one  half,  because  the  tool  is  kept  well  lubricated  with  oil,  or  with 
soap  and  water ;  thus,  in  turning  or  planing,  the  velocity  may  be 
raised  to  eleven  or  twelve  centimetres ;  and  in  shaping  and  screw- 
ing, to  about  six  centimetres  per  second. 

For  copper,  brass,  and  other  analogous  metals,  with  which  the 
tool  does  not  become  heated  whilst  working,  the  velocity  may  be 
very  much  greater  ;  and  for  wood,  its  only  limits  are  those  deter- 
mined by  the  size  of  the  tool,  and  by  the  powers  of  the  machine. 

With  regard  to  the  pressure  and  rate  of  advance  of  the  tool  pel- 
revolution,  or  per  stroke,  it  necessarily  varies  according  to  the 
dimensions  of  the  machine  itself,  and  also  according  to  the  degree 
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of  6nU)  whi. -!i  tlv  can- 
not give  as  mui  ttpoa  a  small  lathe  as  to  that 
upon  a  largo  one— to  a  »mall   drill,  as  to  a  powerful 

This  filial  f  tlif  <lilT.-r.-iit  nn  til-.  I>..m  a 

tenth  of  a  milliu.  cases,  to  as  much  as  two  millimetre- 


1  -« Inn  ii  r<\. .Ives,  and  the 
work  is  fuel,  K  to  i  •       cutting 

tool  dues  nut  ;— in  lathes,  and  shaping  and  drilling  macK. 


TABLE  OF  VKLOC1TY    VXD  I'lCESsrni    "1    MACIIIXI 


Turning*. 

Drilling  «nd  Sniping. 

DUmUrr 
asMlsal  m 

'  rmrd  per  boar 
•  lib 
i  "im  of  praasara. 

par  Btlnuu. 

»lth 

1  |  :.i.irr. 

i 

1 

CkI 

Iron. 

r..t 

i 

W           •  : 

Cut 

Wi-ou-rtat 
Iron. 

1 

1146 

crnt 

I 

7'.  1 

114-6 

114-6 

171-9 

7'.  1 

1 62  B 

114-6 

4 

114-6 

171-9 

19  I 

5 

91-7 

1  17  6 

114-6 

1J7 

19-1 

8 

191 

9-6 

14-8 

42-9 

10 

■j:  9 

•  - ; 

n  6 

ia 

1-'  7 

19  I 

67-a 

6  I 

19-1 

is 

10-2 

30-5 

45-8 

51 

7-6 

l  B 1 

Willi  1  mfm  ..f  prcsuiT. 

With  1  »(•  of  pnasara. 

7-fl 

ii  ■:. 

45-8 

1  -  7 

: 

1 

26 

6  l 

86-6 

30 

4G 

]-.: 

27  I 

30 

5  1 

46-8 

38 

re-a 

:  I 

39  0 

._,.._, 

18-0 

40 

22  9 

i  9 

114 

17  1 

46 

20-8 

30-5 

17 

10  i 

16-2 

I 

i  6 

188 

27-4 

l  ■:. 

91 

1     7 

2-7 

4-2 

16-2 

24-9 

14 

2  1 

60 

16-2 

a  ..., 

1  .1 

I   • 

7*6 

111 

3-5 

ill 

211 

12 

1-8 

70 

70 

2-2 

180 

19-8 

11 

16 

. 

75 

20 

:  0 

121 

i- .; 

10 

i  6 

60 

9-0 

80 

i  9 

2-9 

114 

17  1 

1 

it 

85 

1  7 

■J.-, 

10  1 

16-2 

•8 

i:t 

6-0 

7  8 

[00 

i  B 

2-8 

91 

13-7 

•8 

11 

no 

14 

9  1 

B-2 

12-6 

•7 

l  0 

4  1 

1  .; 

1  9 

7-6 

III 

G 

. 

. 

180 

1-9 

I   • 

7-0 

10-6 

■6 

140 

11 

1-6 

9-7 

•8 

•8 

160 

1" 

l  :. 

CO 

90 

■5 

•8 

176 

i  a 

6-1 

. 

1 

■a 

8-8 

200 

•8 

1 1 

■I  :■ 

1 

I  i 

226 

•7 

in 

I  o 

•:i 

i;i 

8-0 

■6 

■:i 

i 

i  a 

■J  7 

■6 

•8 

i 

i  B 

■8 

•7 

■•_> 

i 

1   • 

•J-J 

i 

•6 

•_> 

•:i 

1  J 

l  ■:• 

•:i 

..  .1 

••-• 

1  l 

1*6 
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1   to  turn  Utlcloa  of  from  four  to  twenty  or  tliirtv  c.titi- 


old  have  a  considerable  rotatire  t 

wliiKt  on.-  that  i-  to  I..-  .  liiitlv  applied  I"  taming  ami  t-haping 
bulky  pieces,  or  such  as  measure  from  one  to  two  metres  in  dia- 
meter, should,  00   the tr.irv,  lie   actuated  liv  a  comliination  of 

very  alow,  hut.  at  the  MM  time,  very  powerful  movements. 
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Plate  36. 


BOOK  OF  INDUSTRIAL  DESIGN. 


1.33 


CHAPTER  X. 
THE  STUDY  OF  MACHINEKY  AND  SKETCHING. 

VARIOUS   APPLICATIONS   AND   COMBINATIONS. 


392.  Hitherto  we  have  had  to  occupy  ourselves  with  industrial 
drawing,  as  regards  only  the  geometrical  delineation  of  the  prin- 
cipal elements  of  machinery  and  architecture.  This  preliminary 
study  being  of  great  importance,  we  have  thought  it  well  to  dwell 
more  particularly  upon  it,  since  also  it  is  the  very  basis  of  all  de- 
signing, with  a  view  to  actual  construction,  comprehending  not 
only  the  mere  outline  of  objects,  but  also  the  proportions  between 
the  various  parts,  as  dependent  upon  the  functions  which  each  is 
required  to  perform. 

Machines  are,  indeed,  but  well  calculated  and  thoughtfully  ar- 
ranged combinations  of  these  elements,  and  afford  innumerable 
applications  of  the  rules  and  instructions  laid  down  in  reference 
to  them.  The  study,  therefore,  of  machines  in  their  complete 
state,  naturally  suggests  itself  as  the  next  step  to  be  taken. 

393.  Machines  may,  in  general,  be  classified  under  three  cate- 
gories— machine  tools,  productive  or  manufacturing  machinery, 
and  prime  movers. 

By  machine  tools  are  meant  those  by  the  instrumentality  of 
which  we  work  upon  raw  materials,  as  wood,  metal,  stone ;  lathes, 
wheel-cutting  machines  ;  drilling,  boring,  and  shaping  machines  ; 
mortising,  slotting,  planing,  and  grooving  machines  ;  riveting  ma- 
chines ;  shears,  saws,  hammers — are  of  this  class.  The  movements 
of  these  machines  should  be  so  combined,  that  the  tool  or  cutting 
instrument — that  is,  that  part  which  attacks  the  material — should 
move  with  a  velocity  properly  proportioned  to  the  nature  of  the 
work. 

In  the  few  notes  accompanying  our  text  will  be  found  some  ex- 
perimental deductions,  which  may  serve  as  guides  for  adjusting  the 
movements  in  designing  and  constructing  machinery  of  this  descrip- 
tion. 

Amongst  productive  or  manufacturing  machinery,  are  comprised 
spinning,  weaving,  and  printing  machines ;  pumps,  presses,  corn, 
and  oil  mills ;  and,  finally,  prime  movers  consist  of  those  worked 
by  animals ;  windmills,  water-wheels,  turbines,  and  steam-engines. 

For  the  study  of  complete  machines,  we  have  selected  from  each 
of  these  categories  those  possessing  most  interest  and  generality — 
as  a  drilling  machine,  an  instrument  so  very  useful  and  so  much 
employed  in  machine-shops  and  railway  works ;  a  pump  for  raising 
water,  serving  for  domestic  purposes  as  well  as  for  important  manu- 
facturing establishments ;  two  examples  of  water-wheels,  showing 
various  arrangements  and  forms  of  floats  or  buckets  ;  a  high  pres- 
sure expansive  steam-engine,  with  geometrical  diagrams,  deter- 
mining the  relative  positions  of  the  principal  pieces  in  various 
circumstances ;  and,  finally,  a  set  of  belt-driven  flour  mills,  con- 
structed on  a  system  recently  adopted. 

Before  proceeding  to  the  description  of  these  machines,  it  will 
be  necessary  to  habituate  the  student  to  draw  from  the  reality, 
for  up  to  the  present  time  he  will  have  done  nothing  but  copy 
the  various  graphic  examples  to  this  or  that  scale.  The  opera- 
tion in  question  consists  in  drawing  with  the  hand,  the  elevation, 


plan,  sections,  and  details  of  a  machine,  preserving,  as  much  as 
possible,  the  forms  and  proportions  of  each  part ;  and  then  taking 
the  actual  measurement  of  each  part,  and  laying  it  down  in  figures 
in  its  particular  position  upon  the  drawing  :  this  duplex  operation 
of  sketching  and  measuring  constitutes  the  study  of  the  rough 
draughting  of  machinery. 


THE  SKETCHING  OF  MACHINERY. 
PLATES  XXXV.  and  XXXVI. 
394.  Before  commencing  the  sketch  or  rough  draught  of  a 
machine,  it  is  absolutely  necessary  to  look  carefully  into  its 
organization,  the  action  of  the  various  working  parts,  the  motion 
of  the  intermediate  mechanical  connections,  and  finally,  its  object 
and  results.  The  object  of  this  preliminary  examination  is  to 
give  the  draughtsman  a  good  general  idea  of  the  more  important 
parts — those  which  he  will  have  to  render  most  prominent  and 
detailed  when  he  comes  to  make  a  complete  drawing  of  the 
whole ;  such  drawing  comprising  a  series  of  combined  views, 
together  with  separate  diagrams  of  such  details  as  may  not  be 
apparent  in  the  former,  or  require  to  be  drawn  to  a  different  scale 
to  render  them  intelligible.  In  fact,  this  must  be  done  in  such  a 
manner,  that,  with  the  aid  of  the  sketch,  a  perfect  representation 
of  the  machine  may  be  got  up,  which,  if  necessary,  may  serve  in 
the  construction  of  other  similar  machines. 


DRILLING    MACHINE. 
PLATE  XXXV. 

395.  In  order  to  give  an  exact  idea  of  the  manner  of  sketching 
machinery,  we  take  a  simple  machine  as  an  example ;  this  we 
suppose  to  be  represented  in  perspective*  in  fig.  &,  this  view 
being  instead  of  the  machine  itself. 

This  machine  is  for  drilling  metals :  it  consists  of  a  vertical 
cast-iron  column,  A,  which  forms  part  of  the  building  or  workshop. 
This  column  is  hollow,  and  rests  by  an  enlarged  base  upon  a  stone 
plinth,  B,  imbedded  in  the  ground,  and  at  its  upper  end  it  sup- 
ports the  beam,  c. 

Upon  one  side  of  this  column  is  cast  the  vertical  face,  D,  which 
is  planed  to  receive  three  cast-iron  brackets,  E,  F,  G,  attached  to 
it  by  bolts.  To  the  opposite  side,  d',  of  the  same  column,  is  in 
like  manner  attached  the  bracket,  H,  which,  with  the  middle  one, 
F,  on  the  other  side,  serves  to  carry  the  horizontal  spindle,  I. 
This  spindle  carries  on  one  side  the  cone-pulley,  J,  over  which 
passes  the  driving-belt,  K,  and  on  the  other  extremity  it  has 
keyed  upon  it  the  bevil-pinion,  L,  which  gears  with  a  larger 
bevil-wheel,  M.     This  last  is  attached  to  the  vertical  shaft,  N, 

*  In  a  subsequent  chapter,  we  shall  explain  the  general  principles  of  parallel  and 
exact  perspective. 
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•  tiotia  forming  ita  oontoar;  then  drew  parallel 

t..  it  the  centre  line,  ij,  of  the  .lull  stock,  I  ;    then  the   boi 

//,  »hiili  rapraaanti  the  centreline  of  the  baril-wkeal,  t.,  and 
the  ilriiin.- ['"II.  \ -.  .i.   and    Hkawiaa   tl"'    iliehjhl  lines,  m «, 

"/>.   '/r,   whieh   are   the  centre    lui.-i   ■.('    tl..  -      r,    and 

ii  ;  linslly,    draw    the    line*.    .«  I    and     n  v.    Of    the    (aide,    T,    and 

of  the  bracket,  n  :  and  likei  .  ,<■  .-.  of 

loan,      at  I  \$  neces- 

sary   to    lay   down    tin     mOBHIiaillOllll    OBOfl    tl"     sketch.        The 

column  being  titieil  with  the  principal  part*  of  the  drilli* 

M. I    ii[ it    for   the 

tO    it.   a    plunili-lin.'    i,  sa 
fr.uii  tie 

lumn,  ami  tin-  ,,,|   either   by  a  fool  rule,  or  by  a 

■    ii"  .i-iireinuit    in   feet,   Ot   mi'  ti 


fractions  thereof,   may  be   v.  •   ,•  Hue.   g  A,  of 

inn. 
The  draughtsman   must    neit    measure  flic   diameters  at    the 
base  and  summit  of  the  column,  as  well  a«  thoae  of  tl. 
moulding]        I  ia  may  be  measured  with  callipers, 

such    an    extent   thai 

I 
upon  the  rule,  and  written  down  Dpi  place  in 

may  be  obtained  by  applyil  | 
or  a  very  flexible  lule.  to  the  circumference.      Thii 
is  ahrayi  I  cytiodara  of  large  diameter,  when  it  is  not 

to   obtain  the  '    fr.'in  eitlur   Imm-.      In   this 

obtain  the  actual  diameter,  it  is  necessary,  as  lias  been 
ride  the  circoi  I,  by  •"•  1 116. 

the  line,  t/,  from^A,  the  eentre  Una 
of  the  column,  place  the  cxtr> ■mity  of  the   rule  at  i",  a^ 
surface  ■•  and  let  it  lit  aeron  the  centre,  i,  of  the 

spur  win.  l.  r.  or  .-en  w,  ■• ,  lie  in.  aaireaat  at  reel  off  the  role  will 

he   that   of  i "  i,  to  which   Ban  .  .   of  the 

column. 

If  the  centre,  i',  were  not  approachahle  with  the  rule,  a  I 
have  to  take  the   internal    distance 

column  and  that  of  the  sere..  ,ve  radii 

of  the  screw  and  o  d  mm. 

than   the  lenitfh  of  the  measuring-rule,  a  rod  or  tape   niu-t  bt 
inipl..ved.      When,   indeed,   the   draughtsman    has    att  . 

la  amount  of  skill,  he  may  take  the  inaaiiiiiuiiHiil,  iV, 

directly,   by  applying    the   rule   up.m   the  mii  Ti.  e    of  the  column 

litre,  and    a!  the  axis  of  tie 

in  Mich  a  manner  that  the  rule  ahall   I  I"  the  column, 
when  the  apace  between  the  two  i 

i  _;lit . 
It  is  further  nice'  ary  to  OttOta  upon  the  akatch,  tie 

distances  between  aha  different  boriaontal  i  ■  •/ r,  tt. 

Betnenai  InaMaatcii  opoa  ti;.  l  arill  show  how  all  three 
lined. 

rtksna  will  nllow  of  the  Snishod  drawing 
being  oommanoi  l.  I  j  of  the 

I  ie    machine  to  bo  e 

\\  |     I.  i'.  |    all    the    mile*    dl 

tha  machine.  To  thii  effect,  and  ! 
confusion,  it  i*  neoaaaarytO  treat  each  of  these  pieces  as  il. 
BBd    to  ilraw  ilii:  I  :    tluui.  upon  which   the  ilimi  iim.iis 

| 

I        I  and  8  r.  pi.  -i  nt.  in  i'Ii -\ati"ii  and  plan,  the  detail  of  the 
prim  ipal  brack,  t.  i .  which  supports  the  eh  ifta,  i  and  a,  with  the 

bevil  win  l«,    I.  iin.l    M.       Eva  tin,-,    fieWI   are   BOI    tttO 

II  the  dimension*  of  thi*  bracket;  thus  it 
ary  to  ilraw  a  Motion  mh  h  a<  tbal  made  at  the  line, 

1      '-',  ami   projected  in  Ii.'.  •!.  so  a*  tO  show  the   exact  form  Of  the 

to   make  a   side 

,  which  noldl  up  the  shaft.  R,  to  the 

at    the    line. 

■how  the  braaaei  which  embrace  the  journal 
shaft,  i.      i  should  always,  it  possible,  be  dra 

M-alr,  so  as  t-  ami  to 
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give  room  for  the  measurements  ;  and  it  may  be  observed,  that, 
for  a  draughtsman  who  has  not  much  practical  knowledge  of 
machinery  details,  it  will  be  necessary  to  take  down  or  separate 
various  parts,  such  as  the  cap  and  the  upper  brass.  With 
regard  to  wheel-work,  it  will  be  sufficient  to  give  the  section  of 
the  web  and  boss,  as  indicated  in  figs.  2  and  7,  and  a  section,  as 
fig.  8,  of  one  of  the  arms  when  the  wheel  has  any,  and  then  the 
numbers  of  teeth  and  arms  must  be  counted  and  set  down. 

When  all  the  parts  of  any  detail  are  thus  sketched  out  in 
elevation,  plan,  or  section,  the  draughtsman  must  take  the 
measurements  of  each,  and  set  them  down  in  their  appropriate 
positions  upon  the  sketches,  as  indicated  in  the  figures ;  being 
mindful  to  see  that  the  principal  measurements  coincide  with 
those  laid  off  in  the  complete  general  view  already  commenced. 
The  measurements  of  the  diameter  of  the  pitch-circle,  and  of  the 
width  of  the  teeth,  will  be  sufficient,  in  addition  to  what  has 
already  been  directed  to  be  done  in  reference  to  wheel-work,  the 
proper  ratios  being  maintained  between  those  in  gear  with  each 
other.  As  many  parts  of  machinery  require  to  be  in  propor- 
tion to  each  other,  a  knowledge  of  such  relations  will  enable 
the  draughtsman  to  dispense  with  a  great  deal  of  tedious  mea- 
suring and  sketching,  as  in  the  case  just  alluded  to,  of  wheels 
working  together. 

The  remaining  parts  of  the  machine  are  to  be  detailed  in  the 
same  manner.  Thus,  figs.  9,  10,  and  11,  represent  a  vertical  sec- 
tion, a  plan,  and  a  side  view  of  a  portion  of  the  table,  t,  with  its 
holding-jaws,  and  its  elevating  pinion  and  shaft.  Fig.  12  is  a  verti- 
cal section  of  the  lower  extremity  of  the  drill-stock,  or  spindle,  n, 
with  the  drill,  d,  in  elevation.  Fig.  13  is  a  section  of  the  cone- 
pulley,  J.  Figs.  14  and  15  show,  in  vertical  and  horizontal  section, 
the  manner  of  jointing  the  screw,  O,  into  the  upper  end  of  the 
spindle,  N.  Finally,  figs.  16  and  17  give  a  complete  detail  of  the 
mechanism  for  elevating  the  table,  T,  as  well  as  that  for  fixing  or 
adjusting  it  at  any  required  height. 

397.  On  all  the  preceding  details,  we  have  quoted  the  measure- 
ments of  the  different  parts  exactly  as  they  should  be  upon  an 
actual  machine.  These  measurements  are  expressed  in  millimetres, 
as  in  former  examples,  this  measuring  unit  being  adopted  because 
its  minute  scale  renders  fractions  unnecessary.  We  have  also 
slightly  shaded  various  parts,  as  is  generally  done  where  the  com- 
plication and  variety  of  forms  would  otherwise  lead  to  confusion 
and  error.  Besides,  in  this  manner,  a  few  touches  of  the  pencil 
show  at  once  whether  this  or  that  portion  is  round  or  square,  and, 
in  many  instances,  the  labour  of  drawing  additional  views  will 
thereby  be  dispensed  with. 

In  order  to  facilitate  the  proceedings  of  beginners  in  sketching, 
we  would  recommend  them  to  delineate  the  main  centre  lines  with 
the  aid  of  a  rule,  and  the  circles  with  compasses,  though  the 
dimensions  of  the  latter  need  not  be  exact.  This  will  give  the 
sketch  a  much  neater  appearance,  and  render  the  various  objects 
or  details  more  regular.  It  is  with  this  view  that  sketchers  fre- 
quently employ  cross-ruled  paper,  with  horizontal  and  vertical 
lines  equally  spaced.  That  portion  of  Plate  XXXV.,  upon  which 
are  sketched  figs.  9,  10,  and  11,  is  of  this  description. 

It  will  be  understood,  that,  if  the  lines  ruled  upon  the  paper  are 
at  equal  distances  apart,  corresponding  to  one  or  more  units  of  the 


scale  to  which  the  sketches  are  being  made,  these  may  be  drawn 
in  correct  proportions  at  once,  in  which  case  it  will  be  unnecessary 
to  write  on  the  various  measurements. 

The  example  which  we  have  given  as  an  introduction  to  the 
study  of  sketching  machines,  will  have  somewhat  familiarized  the 
student  with  his  operations  even  now.  The  applications  contained 
in  the  subsequent  examples  will  suffice  to  complete  this  study, 
which  is  one  of  great  importance  to  the  draughtsman  and  con- 
structive engineer. 


MOTIVE    MACHINES. 


W  ATE  R-WHEELS. 


PLATE  XXXVI. 

398.  The  water-wheel,  represented  in  fig.  1,  has  plane  floats, 
and  works,  through  a  portion  of  its  circumference,  in  a  concentric 
circular  channel.  It  receives  the  water  from  over  a  sluice-gate,  a 
little  below  its  centre,  and  is  of  the  undershot  description. 

The  wheel  is  composed  of  several  parallel  shroudings,  A,  in 
which  are  fitted  the  radial  wooden  bearers,  B,  carrying  the  floats,  c. 
When  the  shroudings  are  of  cast-iron,  as  is  supposed  in  the  present 
example,  they  are  cast  in  one  piece  with  the  arms,  D,  and  central 
boss,  K,  and  are  firmly  secured  by  keys,  a,  upon  the  shaft,  f,  also 
of  cast-iron. 

The  head  of  the  channel,  G,  which  embraces  the  lower  part  of 
the  wheel,  is  constructed  with  a  piece,  H,  in  cast-iron,  called  the 
neck-piece,  which  is  fitted  upon  the  cross  timber,  I,  and  let  into 
the  two  lateral  walls.  Against  this  neck-piece  works  the  wooden 
sluice,  J,  above  which  overflows  a  certain  depth  of  water,  falling, 
in  succession,  upon  each  float  of  the  wheel  as  it  comes  round, 
causing  it  to  turn  in  the  direction  of  the  arrow.  The  rotatory 
movement  of  this  water-wheel  is  taken  off  by  the  cast-iron  spur- 
wheel,  K,  mounted  upon  the  end  of  the  shaft,  F,  and  gearing  with 
the  cast-iron  pinion,  L,  the  shaft  of  which  communicates  with  the 
machinery  to  be  set  in  motion. 

In  giving  this  example,  our  object  has  been  to  examine  this 
motor,  not  only  with  reference  to  its  accurate  delineation,  but  also 
with  a  view  to  sketching  similar  wheels,  as  well  as  to  constructing 
and  setting  them  up,  with  their  channel  and  sluice  gear. 

THE  CONSTRUCTION    AND   SETTING  UP  OF    THE   WATER-WHEEL. 

The  channel,  Q,  is  built  up  of  hewn  stones,  the  lateral  joints  of 
which  converge  towards  the  centre,  o,  of  the  wheel,  and  they  are 
imbedded  upon  a  foundation  of  ordinary  stone-work.  All  this 
masonry  is  put  together  with  mortar,  made  with  hydraulic  lime, 
the  joints  being  finished  with  Roman  cement.  In  some  localities 
the  channel  is  of  bricks  or  freestone,  and  sometimes  even  of  wood. 
The  apparent  concave  surface  of  the  channel  should  be  perfectly 
cylindrical,  and  concentric  with  the  external  circumference  of  the 
wdieel.  Also,  before  placing  the  latter  in  its  proper  position,  this 
surface  should  be  finished,  and  rendered  quite  smooth  and  true, 
which  may  be  done  with  the  assistance  of  a  temporary  shaft,  or 
with  the  actual  shaft  of  the  wheel,  in  the  following  manner : — 

The  shaft,  F  (146),  is  adjusted  to  the  exact  height  at  which  it 
is  to  be  afterwards,  and  it  is  made  capable  of  rotation  in  appro- 
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priate  bearings,  adju--  to  and  tirinly 

I  iteral  walls. 

a,  each  connected  to 
it>  bota  by  eight  ann-  f  these  arm*  are  then 

irfly  altaclied  two  rad 

True  an  1 

parallel  to  the  shaft,  n  M  of  the 

It  will  be  evident  that,  if  the  shaft  is  now  made 

frame  upon  it  will  describe  a   cylindrical  surface, 

which  is  predial*  that  which  the  oh  I  possess;  it  will 

as  an  accurate  guide  in  giving  the  channel  its 

lie  contour. 

Tin'  lower  part  of  ll  i  on  in  a  straight  lino, 

'.,   and   in  n  llightly 

■  nice  away  from  the  wheal,  to  facilitate  the 

escape  of  the  ■ 

The  cni<<  timber,  I,  which  surmounts  the  masonry  of  the  chan- 
nel, ami  which  receives  the  neck-piece,  11.  i-  al-o  rendered  concave 
internally,   like  the  channel,  so  as  to  ntsvl  ■'«  to  be 

up  to  the  wheel.      The  neck-piece,  ll,  which  forms 
;    of  the  channel,  is  more  frequently  constructed  of  cast- 
iron  than  of  either  wood  or  atone,  as  that  material  docs  not  require 
to  be  so  thick,  for  resisting  the  pressure  of  the  water,     'llie  top 
of  the  Deck-piece  L<  at  a  distance  below  the  upper  war. 

tiding  to  the  greatest  depth  of  water  which  it  is  proposed 
to  a  liuit  to  the  wheel  at  any  time.      This  depth  of  water  varies 
v,  according  to  the  quantity  of  water  to  be  dis- 
aud  the  width  which  it  is  wi«h-d  tO  give  the  wheel.       Be- 
liiml  the  neck-piece,  a  cavity,  M.  is  formed  in  the  masonry,  which 
i«  inten  I  when  lowered,  and  is  of  a  suf- 

ficient size  to  allow  of  its  being  cleaned  out,  so  that   it   may  not 
I   up  with  sediment.      The  small  raised  portion   of 
I 
,:lv  of  a  grating  place  1  further  behind,  and  pre- 

and  injuring  the  wheel. 
nsist*  of  two  strong  oaken  planks,  having  grooved 
:its,  and  being  made  thicker  at  the  middle  than  at 
where   the  wheel  is  of  a   greater  width    than  1; 

metre.     The  amount  of  inclination  of  thii  sluice,  1,  is  determined 

by  drawing  a  perpendicular   to    the    utrciuity  of  (be   red 

ir  the  middle,  or,  perhape,  two-thirds  of  the  depth  of  the 
overflowing  body  of  water.     The  sluice  i<  moveable  in 

in  two  I  .' ir.ly  imbed. IV  I  in  the  literal  walls. 

At   the    I  l\  e  tWO 

straight  ■  ",   whil  h    rial  above   tie   cross  timber.  I', 

' 

friction  pnlierm,  a,  which  aleo  guide  them,  and,  on  the 
other  ride,  they  gear  with  th  keyed  upon  one  hori- 

zontal axis.       This   Utter    is    at    one   end    prolot 

•     I    by    the    WOim,    It,    which    in  ay    be 

•r  band-wheel, 

I   th,'  upper   extremity  of  its  vertical    sj 
this  pur;  .  ml.   of  the  regulation  of  the 

•ly.  of  the  depth  of  tl 
water,  with  r  **  ,,f  the  total 

shutting  off  of  the  water  from  the  wheel. 


The  shroudinj.  A,  of  the  wheel,  being  of  cast  iron,  the  weight 
ha*  been  I  in  it,  as  at  a,  ■'.  shown  in  the 

i 

It  is  also  cast  Wa  '  •  receive  the  tenon*,  or  en  I 

carrier-piece*,  a.  to  which  the  floats  are  1- 

t'io  lower 
part  of  figure  1,  which  is  only  the  case  wl.  irge,  and 

th,  of  water  at  the  sluice-cafe  is  very  (mall, 
the  carrier-pieces  are  very  short,  aud  do  not  project  far   . 

!.■    «f  the   shrouding.      llu!  I  ..el    is   without 

counter-float*,   which  is  the  ceae  when  the  discharge,  and   conse- 
qnently  the  depth,  of  water  al  I  i  able,  the  floats, 

C,  and  tli 
■ 

in  the  an]  ■  aeee,  the  t'  i 

the   carrier-pieces,   always  lie  in  the  direction   of  radii   from  the 
centre  of  the  I  .>'•   upon 

facilitate 
the  adjustment  of  the  carrier-piece*  upon  the  (hi  in  place 

of  fitting  them  into  closed  ire  ; 

sea,  formed  nj  -  shown  in  tigs.  3  and 

;  n  tain*.  1  in  position  1  j  Whan  this  last  arrange- 

ment  is  adopted,   it   is   unnecessary  to  cut  hole*   in  the  carrier- 

When  the  shroudings   are  of  wood,   they  must   necessarily  be 
I  of  several  pieces,  which  ar  .-r  with  mortise 

and  tenon  joints,  a*  shown  in  i  late  the 

joint,  iron  straps,  k,  arc  added,  secured  at  one  ride  by  holts,  ami 
Ht  the  other  by  keya,  or  tighti  us  of  which  the 

pert',  ct  union  of  the  component  pieces  can  at  all  times  be  obtained, 
should  they  begin  to  get  loose.      In  this  system,  the  rarri 
are  adjusted  with  ten. 

indicated  in  tics.  7  and  8.  and  the  oaken  arms  ar 
shrouding  with  I  |  further  secured  by  iron  straps,  a* 

ahown  in  fig*.  9  and  10. 

The  floats,  C,  of  the  wheel,  are  f  -  -   and  are 

attached  to  the  moena  of  the  1 

The  count,  t  I  from  the  inn,  r  •  nds  of  the  floats, 

r.  to  the  botton  'he  small 
triangular  pieces,    m.       I 

the  Boot*  and  the  bottom  pi.  ipe  of  the  air. 

When  th  I.    they  are,   of  Mime,   formed  of 

IU'lIM   lTIOI    Of   Tin      «  A!  I  S1-WH1  I.I.. 
Unalions  \n-t  given  will  h.. 
to  comprehend  the  d.  tails  and  peculiarities  of  construction  of  the 
wheel,  channel,  and  tin 

manner : — Place 
;  the  wheel,  «t  the  u 
form  a  right  angle;  and  with  this  <■  a  first   circle, 

with  a  re  thai   ••!'  the  wheel  and  channel.     Divide 

this  circle  into  a*  mam  be  floats.     The 

by  that    of  the 

arm-  of  the  shrouding,   so   .-.-  I  as  to  space  in 

d  iho  carrier-nil  point  of  division  draw 
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lines  passing  through  the  centre,  and  representing  the  sides  of  the 
carrier-pieces  upon  which  each  float  is  placed.  Two  circles  must 
next  be  described,  expressing  the  depth  of  the  shrouding.  Then 
the  complete  outline  of  one  of  the  carrier-pieces  must  be  drawn, 
with  the  dimensions  quoted  on  the  figure  ;  and  the  key  and  bolts 
may  also  be  indicated  upon  it.  Afterwards,  to  complete  the 
drawing,  it  will  be  sufficient  to  describe  a  series  of  circles,  passing 
through  the  bolts,  the  ends  of  the  floats  and  carrier-pieces  of  the 
key,  and  of  the  counter-float.  With  regard  to  the  floats,  and  to 
the  arms  of  the  shrouding,  as  well  as  to  the  spur-gear  for  trans- 
mitting the  motion,  the  student  may  refer  back  to  the  diagrams 
and  explanations  already  given  concerning  similar  objects.  The 
same  remark  applies  to  the  lifting  apparatus  of  the  sluice-gate, 
which  is  also  composed  of  gearing  already  treated  of  in  the  course 
of  the  studies. 

DESIGN  FOR  A  WATER-WHEEL. 

401.  If  it  is  in  contemplation  to  make  a  design  for  the  con- 
struction of  a  water-wheel,  analogous,  we  shall  suppose,  to  the  one 
above  described,  it  is  simply  necessary  to  ascertain  the  height  of 
fall,  and  the  amount  of  discharge  per  second,  of  the  water  at  our 
disposal,  and  to  refer  to  the  calculations  and  practical  rules  which 
accompany  our  text,  to  be  able  to  determine,  on  the  one  hand,  the 
diameter  and  width  of  the  wheel,  and,  on  the  other,  the  depth  and 
interstices  of  the  floats,  and  their  number.  By  referring  back, 
also,  to  the  tables  and  notes  relating  to  the  resistance  of  materials 
(Chapter  III.),  we  shall  be  able  to  complete  the  remaining  dimen- 
sions for  the  shaft  and  its  journals,  the  shrouding  and  its  arms. 

The  study  of  water-wheels  of  this  description  will  be  much 
simplified,  if  we  consider  that  certain  dimensions,  such  as  the 
thickness  of  the  floats,  the  section  of  the  carrier-pieces  and 
shrouding,  and  the  diameter  of  the  bolts,  as  well  as  the  details  of 
the  sluice  apparatus,  do  not  sensibly  vary ;  and  for  them  the 
draughtsman  may  refer  entirely  to  those  indicated  upon  the  draw- 
ing, which  are  themselves  examples  of  actual  construction. 

SKETCH    OF   A    WATER-WHEEL. 

402.  The  sketch  of  a  water-wheel,  already  constructed  and  set 
up,  is  a  very  simple  matter;  for  the  apparatus  consists  of  a  repetition 
of  various  pieces,  and  it  is  sufficient  to  obtain  the  measurements  of 
one  only  of  each  kind.  Thus,  after  having  measured  the  diameter 
and  extreme  width  of  the  wheel  with  the  aid  of  a  long  rule  or 
tape,  and  counted  the  number  of  buckets  or  floats,  of  the  shroud- 
ings, and  of  the  arms,  we  have  merely  to  take  the  sketch  of  a  single 
float,  with  its  carrier-piece  and  accompaniments,  then  to  make  a 
section  of  one  of  the  shroudings,  another  of  one  of  the  arms,  and, 
finally,  a  third  of  the  boss  and  shaft. 

The  details  given  in  figs.  2  to  10  show  the  various  parts  of 
which  the  sketches  have  to  be  made,  as  detached,  together  with 
the  corresponding  measurements.  Fig.  20  is  a  transverse  section 
of  one  of  the  arms,  D,  of  cast-iron,  taken  near  the  boss. 

The  sketching  of  the  sluice  apparatus  consists  in  making  a 
section  of  the  side-posts,  with  their  cap-piece,  and  of  the  sluice 
itself;  then  a  detailed  view  of  one  of  the  racks,  with  its  pinion 
and  friction-pulley,  and  of  the  worm-wheel  and  worm.  As  to  the 
amount  of  inclination  of  the  sluice  and  side-posts,  it  has  already 


been  seen  that  it  is  determined  by  a  perpendicular  to  the  radius, 
entering  near  the  middle  of  the  depth  of  water  at  the  outlet,  at 
the  circumference  of  the  wheel.  It  may,  however,  be  found  by 
means  of  a  plumb-line,  let  fall  from  one  of  the  edges  of  the  cap- 
piece  down  to  the  level  of  the  water,  by  measuring  the  horizontal 
distance,  r  s,  of  the  plumb-line,  from  one  of  the  sides  of  the  side- 
post,  and  then  the  vertical  height,  r  t.  By  applying  a  rule 
against  the  side-post,  and  down  to  the  neck-piece,  H,  we  can 
always  obtain  the  actual  distance  of  the  top  of  the  latter,  either 
from  the  prolongation  of  the  horizontal,  r  s,  or  from  the  cap-piece, 
P,  of  the  sluice.  To  obtain  the  horizontal  distance,  r  s,  with 
exactitude,  it  should  generally  be  taken  at  a  given  distance  above 
the  level  of  the  water,  and  chalked  upon  one  of  the  side-walls  of 
the  channel;  it  is  also  advisable  to  make  use  of  a  spirit-level. 
(Plate  I.) 

In  order  to  take  an  accurate  sketch  of  the  neck-piece  and  the 
channel,  it  is  almost  always  necessary  to  stop  the  water  behind 
by  means  of  a  dam,  so  that  the  parts  requiring  to  be  examined 
may  be  dry  and  open.  The  sluice  must  also  be  taken  away,  as 
well  as  a  few  of  the  floats  of  the  wheel.  We  may  remark,  that 
this  labour  may  be  avoided,  when  it  is  known  that  the  height  and 
thickness  of  the  neck  piece  are  nearly  always  equal  to  those  indi- 
cated in  fig.  11;  and  as  to  the  arrangement  of  the  masonry  or 
brickwork,  of  which  the  channel  may  be  constructed,  it  will  be 
recollected  that  all  the  lateral  joints  are  pointed  towards  the  centre 
of  the  wheel. 


OVERSHOT  WATEFw-AVIIEEL. 

Figure  12. 
CONSTRUCTION    OF   THE    WHEEL,    AND   ITS    SLUICE    APPARATUS. 

403.  Overshot  water-wheels,  with  buckets,  receive  the  water 
from  a  duct  placed  immediately  above  them,  and  allow  it  to  escape 
from  as  low  a  part  only  as  possible.  They  are  constructed  of 
wood,  or  of  cast-iron.  In  the  first  case,  which  is  the  simpler  and 
more  economical,  the  shaft,  the  arms,  and  the  shroudings  are  of 
oak.  The  lower  part  of  the  wheel,  represented  in  the  drawing, 
fig.  12,  is  of  this  description.  The  buckets  and  the  inner  rim  are 
likewise  of  oak,  or  of  iron  plates.  As  this  wheel  is  of  small  diameter, 
its  shaft,  F,  has  only  six  sides  ;  and  consequently,  each  shrouding,  A, 
of  the  wheel  has  only  six  arms,  D,  which  are  recessed  into,  and  bolted 
upon,  a  central  cast-iron  frame,  E,  which  is  itself  keyed  upon  the 
shaft.  The  transverse  section,  fig.  13,  shows  the  manner  in  which 
the  arms  are  attached  to  this  frame.  The  wooden  shroudings,  A, 
are  generally  composed  of  two  rings,  placed  one  on  the  other,  in 
such  a  manner  that  the  joints  of  each  are  opposite  to  solid  portions 
of  the  other,  to  "  break  bond,"  and  obviate  the  tendency  to  warp. 
A  portion  of  the  shrouding  is  represented  as  detached  in  figs.  14 
and  15.  These  rings  are  held  together  by  screws,  v,  or  by  nails 
or  pegs  ;  and  at  their  junction  with  the  arms,  a  couple  of  bolts  are 
passed  through  all,  as  indicated  in  the  transverse  section,  fig.  16. 
The  buckets,  c,  are  either  let  into  grooves  of  small  depth,  upon 
the  inner  face  of  the  shrouding,  as  seen  at  c',  in  figs.  14  and  15, 
or  they  are  retained  by  bracket-pieces,  c;  and,  added  to  this, 
strong  tension-rods,  B,  hold  the  whole  together,  being  secured  to 
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a  curved  outlet,  G,  likewise  terminating  in  flanges,  to  which  the 
discharge-pipe  is  secured.  The  piston,  or  bucket,  of  this  pump 
is  composed  of  a  brass  ring,  or  short  cylinder,  II,  upon  the  outer 
circumference  of  which  is  formed  a  groove,  b,  (fig.  2,)  to  receive  a 
packing-ring,  c,  which  fits,  air-tight,  to  the  inside  of  the  pump 
cylinder.  The  bucket,  ir,  has  also  a  central  partition,  d,  to  the 
top  of  which  is  jointed  the  two  clacks,  I,  which  rest  upon  inclined 
seats,  formed  by  the  elevated  sides,  e,  of  the  bucket.  This  is 
further  cast  with  a  bridle,  /,  perforated  in  the  middle,  to  receive 
the  screw-bolt,  g,  which  secures  it  to  the  stout  hollow  piston-rod,  J. 
This  rod,  which,  in  the  generality  of  pumps,  is  made  of  but  small 
diameter,  like  the  upper  part,  k,  of  the  one  represented  in  the 
plate,  is,  in  the  present  instance,  of  a  sectional  area,  equal  to  half 
that  of  the  pump  cylinder.  It  follows  from  this,  as  will  be  more 
particularly  explained  further  on,  that  the  water  is  discharged 
during  both  the  up  and  down  stroke  of  the  piston. 

The  clacks,  p,  have  projections,  h,  cast  upon  them,  which  pre- 
vent their  opening  too  far,  and  falling  over  against  the  sides  of 
the  casing,  b,  so  as  not  to  shut  again  when  required  to  do  so. 
The  clacks,  i,  in  the  bucket,  have  similar  projections,  ?°,  for  a  like 
purpose,  these  projections  striking  against  the  top  of  the  bridle,  /, 
when  the  clacks  open.  It  will  have  been  observed,  that  the  seats 
of  these  valves  are  inclined  at  an  angle  of  45°,  with  the  view  of 
facilitating  their  opening  movement,  and  diminishing  the  concus- 
sive  action  of  their  own  weight.  The  edges  of  the  valve-seats  are 
generally  defended  with  a  strip  of  leather,  to  facilitate  their  tight 
closing. 

Figure  2  represents,  detached  and  in  elevation,  the  bucket,  n, 
with  its  clacks,  I.  Fig.  3  is  a  horizontal  section  of  the  bucket, 
taken  at  the  line,  1 — 2.  Figs.  4  and  5  give  the  details  of  the 
valve-seat,  e,  in  elevation  and  plan,  the  clacks  being  removed. 

To  prevent  the  entrance  of  air  to  the  pump  cylinder,  it  is  closed 
at  the  top  by  a  cast-iron  cover,  l,  which  is  fitted  with  a  stuffing- 
box  for  the  passage  of  the  piston-rod  ;  the  packing  is  compressed 
by  the  gland,  m,  similar  in  general  form  to  that  represented  in 
Plate  XI.  (81.) 

ACTION   OP  THE    PUMP. 

40G.  The  upper  extremity  of  the  piston-rod,  k,  carries  a  cross- 
head,  I,  (fig.  6,)  and  is  there  jointed  to  the  lower  extremity  of  a 
connecting-rod,  N,  which  is  itself  jointed  to  the  pin  of  a  crank,  o  ; 
this  latter  is  mounted  on  the  end  of  a  horizontal  shaft,  P,  actuated 
by  a  continuous  rotatory  movement.  This  movement  is  trans- 
formed by  means  of  the  crank  and  connecting-rod  into  an  alter- 
nate rectilinear  motion — that  is,  into  the  up-and-down  strokes  of 
the  pump  bucket — this  last  being  forced  to  move  in  a  straight 
line,  the  cross-head,  I,  sliding  in  vertical  guide-grooves,  to  main- 
tain the  piston-rod,  K,  in  the  same  line  with  it. 

It  follows,  from  this  disposition  of  parts,  that  when  the  crank, 
O,  is  in  the  position,  P — 0,  fig.  6,  the  piston  will  be  at  the  bottom 
of  its  stroke,  that  is,  at  h';  consequently,  during  the  time  the 
crank  turns,  the  piston  must  rise,  tending  to  leave  a  vacuum  below 
it,  because  the  space  between  the  clacks,  f,  and  its  under  side 
increases,  as  well  as  the  volume  of  air  that  may  be  therein  en- 
closed. Consequently,  the  pressure  of  this  air  upon  the  clacks 
is  diminished,  whilst  that  upon  the  surface  of  the  water  remains 


the  same,  and  causes  the  water  to  rise  up  the  suction-pipe,  and, 
raising  the  clacks,  F,  to  enter  the  pump  cylinder,  filling  it  up 
nearly  to  the  under  side  of  the  piston ;  or,  if  the  apparatus  is  in  a 
perfectly  air-tight  condition,  it  will  rise  quite  up  to  the  piston. 

"When  the  crank  has  reached  the  position,  P — 12, — that  is, 
when  it  shall  have  described  a  semi-revolution, — the  piston  itself 
will  likewise  be  at  the  highest  point  of  its  stroke,  and,  in  this 
position,  all  the  space  left  behind  it  in  the  body  of  the  pump  will 
be  filled  with  water ;  if  now  the  crank,  continuing  its  rotation, 
makes  a  second  semi-revolution,  the  piston  will  descend,  and, 
pressing  upon  the  water  below  it,  will  cause  the  clacks,  f,  to 
shut.  Now,  as  the  water  is  incompressible,  it  must  find  an  exit, 
or  else  prevent  the  descent  of  the  piston  ;  and  it  therefore  raises 
the  bucket-clacks,  I,  thus  opening  up  for  itself  a  passage  through 
the  piston,  h,  above  which  it  then  lodges.  But  as  the  piston-rod, 
j,  is  of  a  large  diameter,  and  therefore  occupies  a  considerable 
space  in  the  pump  cylinder,  a  part  of  the  water  must  necessarily 
escape  through  the  outlet,  g,  in  such  a  manner  that,  when  the 
piston  shall  have  reached  the  bottom  of  its  stroke,  there  will  not 
remain  in  the  pump  cylinder  more  than  half  the  quantity  of 
water  which  was  contained  in  it  when  the  piston  was  at  the  top 
of  its  stroke. 

Such  is  the  effect  produced  by  the  first  turn  of  the  crank, 
which  corresponds  to  a  double  stroke  of  the  piston — that  is,  an 
ascent  and  a  descent. 

At  the  second  turn,  when  the  piston  again  rises,  it  sucks  up,  as 
it  were,  anew,  a  volume  of  water  about  equal  to  the  length  of 
cylinder  through  which  it  passes,  because  the  suction-clacks,  f, 
which  were  shut,  now  open  again,  and  the  bucket-clacks,  I,  which 
were  open  during  the  descent,  are  now  shut  by  the  upward  move- 
ment of  the  piston. 

During  this  stroke,  all  the  water  which  previously  remained 
above  the  piston,  finds  itself  forced  to  pass  off  through  the  pipe, 
G,  so  that,  with  this  arrangement  of  piston  and  rod,  or  plunger,  of 
large  diameter,  it  follows  that,  at  each  up-stroke  of  the  piston,  the 
quantity  of  water  which  rises  into  the  pump  is  equal  to  the  length 
of  cylinder  through  which  the  piston  passes,  the  half  of  which 
quantity  rises  in  the  discharge-pipe  during  the  descent,  and  the 
other  half  during  the  subsequent  ascent  of  the  piston,  and  the  jet 
is  consequently  rendered  almost  continuous  and  uniform. 

When,  on  the  contrary,  the  piston-rod  is  made  very  small  in 
diameter,  as  in  ordinary  pumps  (fig.  6),  the  discharge  of  the  water 
only  takes  place  during  the  ascent  of  the  piston,  and  it  is  conse- 
quently intermittent. 

In  a  pump,  as  in  all  other  machines  in  which  an  alternate  rec- 
tilinear is  derived  from  a  continuous  rotatory  motion,  by  means 
of  a  crank  and  connecting-rod,  the  spaces  passed  through  in  a 
straight  line  by  the  piston  do  not  correspond  to  the  angular 
spaces  described  by  the  crank-pin ;  in  fact,  it  will  be  seen  from 
the  diagram,  fig.  G,  that  if  the  crank-pin  is  supposed  to  describe 
a  series  of  equal  arcs,  beginning  from  the  point,  0,  the  correspond- 
ing distances,  0'  V,  V '2',  2' 3',  passed  through  by  the  piston  will 
not  be  uniform ;  very  small  at  the  commencement  of  the  stroke, 
they  will  gradually  increase  towards  the  middle,  after  passing 
which  they  will  similarly  decrease  whilst  the  piston  approaches 
the  other  eud  of  its  stroke.     The  successive  positions   of  the 
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by  the  In  i _; li t .  11'  -12'.       It   is  this  ■li-lance  which  is  set  off  from 

tr  drawn  throngfa  the  point,  13;  in 
the  same  iiiaMuT,  whan  the  piston  doacend* from  11' to  in',  it  is  also 
■■■  multiplied  Ly  the  height,  1 1' — 10', 
which  laa.  i-  i!i  :  from  the  point,  11  t.>  l>.     It  will  be 

i  thi-,  that,  In  proceeding  with  the  diagram,  it  La  simply 
necessary  to  set  off  upon  each  of  the  perpendicular*  drawn  I 
the  point*,  of  division,  IS,  16,  17.  tl. 

i-  to  represent  intelli- 
gibly the  actual  volumes  of  u  .  I    for  aaofa   porti f 

rolnmet  are  proportional  to  the  i 

passed  through  by  the  piston,  the  section   of  the  Cylinder  rcmain- 
■tant. 
If,  through  the  various  point*,  ".  1  btained    in   this 

m-iiunr.  we  tra 

which  wi  liahed  by  a  flat  shade,  and  whioh  will  give 

.  laa  "f  the  amonnti  of  watt  t  diaehai 
with  an-.  the  crank.     On  oontinning  the  r..taii..ii  of 

the   crank,    the    pi-ton    in  \l    a*oand*   ami   sink-   np    t!.. 

otly  the  jet  of  water  i-  Interrupted  during  thi*  np- 

the  down-ct)  ilio  sub- 

reTolotion ;  the  quantity  of  water  then 

I  in  Bg,  7,  by  a  run.,  equal  to  the  iir-t, 
and  on  whii  !i   ■  i,  are  distinguished  by  tho  same 

'.  irity  in  the  di*  li  irgo,  pumping  apparatus 
1  with  two,  or  with  thi 
in  wUi  hi 


attaclui.  ■  •  ral  crank-pi:  1.  scribed 

by  tli.  in  into  two  or  thne  equal  parts. 

.seat*  a  geometrical  diagram  of  the  performance 

of  a  two-cylinder  pump  ;  it  is  evident  thai  the  prodact  of  each  of 

n*  i»  alternately  the  same.  rhiha  the 

■    -  thus  that  oi.  iuced  a 

j  to,  and  expreaaed  by.  the  curve,  n'  V  ■  ',  the  other 
one  immediately  after- .  expressed  by  tl 

<i  h  c  it;  so  tliat  this  diagram  only  d  7.  in  that  the 

unoccupied  in!  I  I  IS,  and  M  to  IS,  in  the  latter,  are 

in  the  former  tilled  up  by  an  equal  figure,  covered  by  an  equal 
flat  shade. 

This  diagram  of  the  performance  of  a  two-cylinder  pump  may 
also  be  o  img  that  of  the  pump,  tig.  I,  which, 

because  of  its  trunk  piston-rod,  acts  as  a  double-acting  pump,  as 

"  diagram  of  the  performance  of  I 
cylinder  pomp,  of  which  tho  pistons,  h,  it',  n5,  represented,  for 
convenience'  sake,  as  in  the  tame  cylinder,  occupy  the  i 

of  the  three  crank-pins,  0,  0',  0",  as  placed 
at   the  angles   of  an   equilateral  triangle,  inscribed    in   tl 

1   by  them  With   the  centre,  I-.      In  of  thi* 

disposition,  there  are  at  one  time  tv.  i  ling  and  one 

ile-cen. ling,   and   at   another   time,    00   thl  :dy   one 

;  and  two  di  sot aiding.  It  is  easy  to  n  pn  h  at  the  com- 
bined performai  imp*  in  a  diagram,  by  natng  different 
colours,  or  different  depth*  of  -hale,  for  the  performance 
a*  dependent  upon  the  successive  position.-.  1.  J.  8,  ..  taken  up 
by  their  successive  crank-pins.  By  this  means  all  confusion  will 
be  avoided,  and  it  will  be  necessary  to  find  t 

of  the  attachment  of  the  connecting-rod  to  t!  ipon  the 

vertical  line  passing  through  the  centre,  p.  only  as  for  one  cylinder, 
a*  the  distances  will  be  the  same  for  all,  being  merely  placed  at 
different  parts  of  the  diagram. 

Iii  the  diagram,  fig.  10,  we  have  laid  down,  the  performance  of 
eaeli  of  the  three  pumps,  (opposing  thi  in  :.ll  to  I t  tl 

diameter,  and   taking  care,  when    two   pumps  are  <j 

gather,  to  add  together  their  1 1  thne,  f..r  exempli 

piston*  elevates  a  quantity  of  water,  correspi 

adionlar,  13a,  thai  which  il  also  discharging  at  ti 

time  furnishes  a  quantity  expressed  by  the  distant  - 
quently,  tho  total  volume  ot   tho  discharge  at  this  ins! m!  . 

■anted  by  the  total  height,  ISo';  when,  on  the  other  bet 

one  of  the  three  pumpi  m  of  the  ether 

in   li.'.  9,  the  volume    di.-ch.ir_-.  .1    i-   repre- 
sented bj  alar,  inch  a*  : 

will  be  observed,  ilia!  i:  |  when  onlv  one 

pump  is  discharging  that  it   gives  out  ils  maiimum  j.,rf.  i 

from    which    it   follows,   tliat   I  ntiniioiis,  and 

aliin.st  uniform  throughout  its  duration,  as  will  be  vary  evident 
ttion  of  the  di*  0  the  outline  of  which 

i-  .li  tcrmim. I    by  perpendicular-.  ..r  ordinate-,  reaching  nearly  to 
tight  line,  in  ii,  throughout. 

pare  the  Dombinad  effec.  of  a  three  cylinder  pump  with 

111  it  of  tWO  "r  of  three  double  actim;  pumps,  we  ha  I 

•  diagram*  for  the  two  last  arrange- 
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merits ;  and  it  will  be  remarked,  that  although,  with  cylinders  of 
an  equal  sectional  area,  we  necessarily  obtain  a  much  larger  dis- 
charge, yet  the  regularity  of  volume  is  not  so  great  as  in  the 
previous  example. 


STEAM  MOTORS. 

HIGH-PRESSURE    EXPANSIVE    STEAM-ENGINE. 
Plates  XXXVIII.,  XXXIX.,  and  XL. 

407.  When  the  steam  generated  in  a  boiler  is  led  into  a  vase 
or  cylinder  which  is  hermetically  closed,  it  acts  with  its  entire 
expansive  force  upon  the  sides  and  ends  of  the  cylinder,  so 
that,  if  this  encloses  a  diaphragm,  or  piston,  capable  of  moving 
through  the  cylinder  in  an  air-tight  manner,  the  force  of  the  steam, 
in  seeking  to  enlarge  its  volume,  will  make  the  piston  move.  It 
is  in  this  way  that  a  mechanical  effect  is  derived  from  the  expan- 
sive action  of  the  steam,  and  it  is  on  the  same  principle  that  the 
generality  of  steam-engines  are  constructed. 

Thus,  in  most  apparatus  to  which  this  name  is  given,  the  action 
of  the  steam  is  caused  to  exert  itself  alternately  on  the  upper  and 
under  surface  of  the  piston,  enclosed  in  the  cylinder,  thereby  caus- 
ing it  to  make  a  rectilinear  back  and  forward  movement  or  stroke. 
(187.) 

Steam-engines  are  said  to  be  low  or  high  pressure  engines, 
according  as  the  tension  of  the  steam  is  only  of  about  1  atmo- 
sphere on  the  one  hand,  or  of  2,  3,  and  upwards,  on  the  other. 
Low-pressure  engines  are  generally  condensing  engines,  and  high- 
pressure  ones  non-condensing ;  so  that  the  terms,  low  pressure  or 
condensing,  high  pressure  or  non-condensing,  are  used  indiscri- 
minately, although,  in  modern  engineering  practice,  what  are  called 
high-pressure  condensing  engines  are  extensively  employed. 

When  the  steam  is  made  to  act  alternately  above  and  below  the 
piston,  the  engine  is  said  to  be  double-acting;  and  of  this  descrip- 
tion are  most  of  those  employed  at  the  present  day ;  but  if  the 
steam  acts  only  on  one  side  of  the  piston,  as  is  the  case  in  many 
mine-pumping  engines,  the  engine  is  called  a  single-acting  one. 

Low-pressure  engines  are  generally  also  condensing  engines ; 
that  is  to  say,  that  after  the  steam  has  exerted  its  expansive  action 
upon  the  piston,  and  is  on  its  way  out  of  the  cylinder,  it  passes 
into  a  chamber  immersed  in  cold  water,  and  termed  a  condenser, 
where  it  is  condensed  or  reduced  to  the  state  of  water.  This 
condensation  produces  a  partial  vacuum  in  the  cylinder,  and  con- 
sequently considerably  diminishes  the  resistance  to  the  movement 
of  the  piston. 

In  high-pressure  engines,  the  steam  which  has  produced  its 
effect  upon  the  piston  escapes  directly  to  the  atmosphere,  so  that 
the  piston  has  always  to  overcome  a  resistance  equal  to  one 
atmosphere,  or  about  15  lbs.  per  square  inch,  acting  in  a  direc- 
tion opposite  to  its  motion. 

Steam-engines  are  further  distinguished  as  expansive  and  non- 
expansive  ;  of  the  latter  description  are  those  wherein  the  steam 
enters  the  cylinder  throughout  the  entire  stroke  of  the  piston ;  so 
that  the  pressure  is  uniform,  since  the  volume  of  steam  of  a  given 
pressure  which  enters  is  always  equal  to  the  space  passed  through 
by  the  piston. 


In  expansive  engines,  on  the  contrary,  the  steam  is  only  allowed 
to  enter  the  cylinder  during  a  portion  of  the  stroke ;  so  that  the 
expansive  power  of  the  steam  is  called  into  action  during  the 
remainder  of  the  movement. 

The  machine  detailed  in  Plates  XXXVIII.,  XXXIX.,  and  XL., 
is  a  high-pressure  engine,  with  a  variable  expansion  valve. 

Fig.  1,  Plate  XXXVIII.,  represents  an  external  elevation  or 
front  view  of  the  machine,  the  frame  of  which  consists  of  a  hollow 
column,  with  lateral  openings. 

Fig.  2  is  a  horizontal  section,  taken  at  the  height  of  the  line, 
1—2. 

Fig.  3  is  an  elevation  of  a  fragment  of  the  lower  part  of  the 
column. 

Fig.  4  is  another  horizontal  section,  taken  at  the  line,  3 — 4 ; 
and  tig.  5  is  an  elevation  of  the  capital  of  the  column. 

Figs.  6  and  7  are  diagrams,  relating  to  the  movement  of  the 
governor,  with  its  balls. 

Fig.  8,  Plate  XXXIX.,  represents  a  vertical  section,  taken 
through  the  axes  of  the  column  and  the  steam  cylinder,  at  the 
plane,  5 — G,  parallel  to  that  of  the  fly-wheel. 

Fig.  9  is  another  vertical  section,  at  right  angles  to  the  preced- 
ing figure. 

And,  finally,  fig.  10  is  a  horizontal  section,  taken  at  the  broken 
line,  7—8—9—10. 

This  machine  consists  of  a  cast-iron  cylinder,  A,  truly  bored  out, 
and  enclosing  the  piston,  B.  On  one  side  of  the  cylinder  are  cast 
the  passages,  a,  b,  by  which  the  steam  enters  alternately  above  and 
below  the  piston.  These  passages  are  successively  covered  over 
by  a  cup  or  valve,  d,  the  details  of  which  are  given  in  figs.  28  to 
31,  Plate  XL.;  and  the  valve  is  itself  contained  in  the  cast-iron 
chamber,  E,  called  the  valve  casing,  and  communicating  with  a 
second  chamber,  F,  called  the  expansion-valve  casing ;  it  is  into 
this  latter  chamber  that  the  steam  is  first  conducted  by  the  pipe, 
G,  from  the  boiler.  The  communication  between  the  two  valve 
casings  is  intercepted  for  short  periods  during  the  action  of  the 
machine,  by  the  expansion  valve,  h,  detailed  in  figs.  38  to  41, 
Plate  XL. 

The  vertical  rod,  I,  of  the  piston,  b,  is  attached  at  its  upper 
extremity  to  a  short  cross  pin,  e",  which  connects  it  to  the  wrought- 
iron  connecting-rod,  J,  hung  on  the  pin,/,  of  the  crank,  K  ;  this  is 
adjusted  and  keyed  upon  the  extremity  of  the  horizontal  shaft,  L, 
which  carries  on  one  side  the  fly-wheel,  M,  and  on  the  other  the 
eccentrics,  N,  o,  p.  The  first  of  these  eccentrics  is  intended  to 
actuate  the  distributing  valve,  d,  the  rod,  g,  of  which  is  connected 
to  it  by  the  intermediate  adjustable  rod,  n'.  The  second  works 
the  expansion  valve,  H,  by  means  of  the  rods,  o'  and  h  ;  and,  finally, 
the  third  eccentric,  P,  gives  an  alternate  movement  to  the  pis- 
ton or  plunger,  q,  of  the  feed-pump,  r. 

The  steam  cylinder  is  bolted  in  a  firm  and  solid  manner,  by  its 
upper  flanges,  to  the  top  of  the  hollow  cast-iron  plinth  or  pedestal, 
s,  on  which  also  rests,  and  is  bolted,  the  column,  t.  The  pedes- 
tal is  square ;  and,  at  the  corners  of  its  base,  lugs  are  cast,  by- 
means  of  which  it  is  firmly  bolted  down  to  a  solid  stone  founda- 
tion. 

The  column,  T,  is  cast  hollow,  and  with  four  large  lateral  open- 
ings diametrically  opposite  to  each  other,  their  object  being  to 
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diminub  the  Bright  of  (lie  culumn,  and  to  afford  the  necessary 
ps—nin  fur  the  introduction  of  i 

put  together,  or  when  :  alto  serves  M  a 

frame  I  the  capital  i(  placed  a 

rait-iron  pillow-block,  t  ,  fur;  iring  brasses  ti 

ipal  journal  of  tho  first  motion  abaft,  a*  will  a-  lh>'  sup- 

; 

r  side  are  al»o   bolted  the  two  HipporU,  i,  of  the  parallel 
motion,  and  guide,  j,  of  tin  I 

n   mm  nisi:. 

408.  Before  prooondlng  further,  we  shall  give  some  idea  of  the 
general  action  of  the  machine.      As  already  mentioned,  the  steam 
.:.  d  in  a  ti.'.i  .  »  unple,  a*  thai 

.  n  pipe,  a,  into 
banot  r,  i  |  when  the  valve,  h,  in  this  chamber  uncovers 
tho  orifice,  or  pott,  (/,  thi  steam  finds  its  way  Into  the  valve- 
j  i-ses  cither  to  the  Upper  or  to  the  lower 
and  "I"  the  cylinder,  accordingly  as  the  valve,  Ii,  uncovers  one 
or  other  of  the  two  ports  or  passages,  a,  0.  Now,  when  the 
|i-t.in  i-.  for  example!  at  the  top  of  it-  stroke,  tl 

almost  fullv  open,  whil-t  the  channel,  b,  is  in  communication  with 

i  which  the  two  pipi  -,  •  '.  conduct  it  to  the 

If,  on  the  introduction  of  the  steam  to  the  cylinder, 

it  has  a  pi  J  tour  atmooph  that  it  will  act 

ii [ , . >x i  the  pi-ton  with  all   thi-  it  to  del  end  ;  since, 

the  lower  part  of  the  cylinder  is  at  this  time  in  com- 
munication with  the  Bitornal  atmosphere,  tht  n 
equal  to  one  atmosphere  opposed  to  it-  movement,  therefore  the 

top  of  the  piston  will  be 
equal  t"  three  atmosphi  n  -. 

It  i-  ti»-  -.inn-  wlun  the  piston  reaaeends ;  the  valve  uncovera 
the  port  of  the  passage,  4,  to  ullow  the  steam  to  enter  the  lower 
and  of  the  cylinder,  whilst  the  port  a,  i-  put  in  communication 
with  the  exit  orifice,  r.  by  the  cup  of  the  valve,  to  give  an  outlet 
for  the  steam  which  has  just  acted  on  the  upper  side  oftl 
during  the  down  stroke. 

It  is  to  be  remarked,  thai  it"  the  introdui  ti  un  takes 

nam  dating  the  entire  up  andVdown  stroke  of  the  pi-ton.  which 
might  ho  the  case  if  the  steam  pipe,  o,  communicated  directly 
with  the  valve-casing,  i .  and  If  the  valve,  d,  kept  one  of  the  ports 

l  throughout  the  entire  stroke,  the  pressure  oftl 
would  remain  constant;  in  such  case,  it  would  !"■  said  that  the 
machine  was  a  high  ,  re   engine     that  is  to 

.t  worked  with  a  full  allowance  of  steam. 

In  tin-  machine,  however,  which  at  present  occupies  our  atten- 
tion, the  steam  first  Introduces  itself  into  the  casing,  t.  tin-  valve, 
ii.  of  which,  ai  each  sti  passage,  <l.  communicating 

with  the  second  casing,  i,  before  the  piston  n  tehee  either  end  of 

In   the  cylinder 

at  the  til  r  in  volume  or 

i  consequently  decrease  during  the 

rcinaiiiif  the   piston  :   t  Id  to   DC 

and    in  this  case  a  quantity  of  steam    i- 
<  \\ led  for  each  ••.  ly  to  a  third,  half, 


thirds  of   the   cajun  B]  according   a*   the   in- 

id,  one-half,  or 

i    the    ipiantitv 
of  full  steam-pressure  introduced,  si 

cylinder,  which  impresses  tl.  |  at  which  the 

a orks. 

1U;\: 

ilincar  alternate  nn-^  is  trans- 

fonned    into   a   continuous  circular  motion   on   the  tir-t  motion 

by  the  intervention  of  the  I  !.  J.  ami  crank, 

K;  but  with  this  arrangement  there  is  naturally  a  lateral  strain 

I,  I,  and  in  order  that  its  w 
may  be  perfectly  rectilinear  and  vertical,  it  is  jointed  to  I 
of  articulated  levers,  forming  what  is  termed  a  parallel  motion. 

i-m  is  composed  of  two  wrought-irou    I 
(figs.  1,  4,  and  8),  which  oscillate  on  the  ti-  and  are 

articulated  at  their  opposite  extretnil 

by  means  of  the  pin,  n.      The  levers,   x,  are  also  of 
WTOUght-iron,  and  are  jointed  at  one  ■ 
Of  the  piston-rod  end  ;  and  at  the  other  to  the  rod,  i ,  at! 

indie,  oo,  and  wn'tftting  in  beatings,  in  a  couple  of  cast- 
iron  brackets,  /.,  bolted  to  the  lower  part  .  : 

The  lnad  of  thi.-  last-mentioned  oscillating  rod  is  detailed 
y,   in   ti;-.  'Jl    and  •_'.'.   Plate   XL.       It   has  brasses,  to 
embrace  the  journal  of  the  spindle.  //',  by  which  it  is  com 

the  end-  of  the  levers,  \. 

The  combination  of  thi-  mechanism  i-  such,  that  the  point  of 
att.i.  line  nt,  .,   Constantly  move-  in  a  Straight  line  throughout  the 

entire  stroke.     It  may  be  designed  on  gi statical  pria    ; 

1  in  the  diagrams,  figs.  8  and  11.     1  we  have 

1.  that  after  having  drawn   the  horizontal   line,  »'/j,  and 

'",  are  set  off  on  t! 
the  half  stroke  of  the  piston,  or  to  the  radius  of  the 

crank;  then,  with  the  |  an  arc.  with   . 

S0,  equal  to  the  length  of  the  lever,  \,  which  is  tak.  n  at  pleasure, 

but  should  never  be  km  than  the  stroke  of  the  pi-ton.     if  «,- 

next  lay  off  thi-  di-tanci  from  ."  to  j,\  the  space.  /'/■'.  wDl 

the  amount  of  oscillation  of  the  rod.  I  :  OK -illation,  a, 

of  which  we  place  below,  on  the  vertical   line,  drawn  at  an  equal 

from  and  between  the  two  point-,  p,w*.     We  next  fu 

the  point,  B,   of  atUehmanl  of  the  rod-.  \.  to  the  lever.  \.      This 
point,  ii,  during  the  movement    of  the  parallel  motion,  ii' 
a  circular  arc,  of  which  it  is  requisite  to  find  tl" 

Iii  Investigating  thi-  problem,  it  i-  to  be  observi  d  that,  i 

:..n   of  the   lever,   the   point,   a,   is   always  at  an 
equal  distance  from   the  evtreinity,  ;>,    or    the    oth.  r    DM,    •         I'. 

then,  we  i  draw  the  lint  <\  indi- 

cating the  dill,  rent  pOaitiOM  of  the  1 

■    ii-rod  end.  we  shall,  on  each  of  tie 
obtain  thi  »',   "',    "',    by  laying    off  on  thwn 

either  of  the  di-tanees,  pa  or  <  n.       We  can  then  very  easily  find 

:  brougfa  those  points.  (10.) 
on  of  an  snalo  ram  paralh  1  motion, 

but    one  in  which  the  rod-.  V,  arc  so  disposed,   that  their  point  of 
in  the  middle  of  the  Ii  ran,  \  ;  ami  in  this 
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case,  their  axis  of  oscillation  lies  in  a  plane  passing  through  the 
vertical  axis,  e  c'. 


DETAILS  OP  CONSTRUCTION. 

STEAM  CYLINDER. 

410.  The  cylinder  is  cast  in  one  piece  'with  its  bottom  cover 
and  lateral  steam  passages.  As  it  should  be  bored  with  great 
care,  so  as  to  be  perfectly  cylindrical  in  the  interior,  a  central 
opening  is  made  in  the  bottom  for  the  passage  of  the  spindle  of 
the  boring  tool ;  this  opening,  however,  is  afterwards  closed  by 
the  small  cover,  a3,  cemented  at  its  junction  surfaces,  and  bolted 
down  to  the  bottom  of  the  cylinder.  The  upper  end  of  the 
cylinder  is  closed  by  a  cast-iron  cover,  a',  which  is  formed  into  a 
stuffing-box  in  the  centre,  to  embrace  the  piston-rod,  which  works 
steam-tight  through  it.  The  packing  is  compressed  or  forced 
down  for  this  purpose  by  a  gland  (140),  bolted  to  the  stuffing-box, 
and  hollowed  out  at  the  top  to  receive  the  lubricating  oil. 
The  valve-face,  on  the  outside  of  the  cylinder,  and  on  which  the 
valve  works,  is  planed  very  carefully,  so  as  to  be  a  true  plane 
throughout.  The  same  is  done  with  the  valve-casing  at  the 
flanges,  where  it  is  fitted  to  the  valve-face. 


The  piston  (figs.  8,  9,  19,  and  20)  is  composed  of  two  cast-iron 
plates,  which  have  an  annular  space  between  them  for  the  recep- 
tion of  two  concentric  cast  or  wrought-iron  or  brass  packing-rings, 
c'.  These  rings  are  cut  through  at  one  side,  and  are  placed  one 
within  the  other  in  such  a  manner,  that  the  breaks  in  each  are 
diametrically  opposite  to  each  other;  their  thickness  gradually 
diminishes  on  each  side  towards  the  break,  and  they  are  hammered 
on  the  inside  in  a  cold  state,  which  renders  them  elastic,  giving 
them  a  constant  tendency  to  open.  Since  the  diameter  of  the 
outer  ring  is  equal  to  that  of  the  cylinder  when  the  two  edges  are 
brought  together,  the  elasticity  of  the  inner  ring,  combining  with 
that  of  the  outer  one,  tending  constantly  to  enlarge  them,  it 
follows  that  there  must  be  a  perfect  coincidence  between  the 
outside  of  the  ring  and  the  inside  of  the  cylinder  throughout  the 
whole  extent  of  the  latter.  Thus  the  contact  of  the  piston  with 
the  sides  of  the  cylinder  only  takes  place  through  the  packing- 
ring,  and  not  by  the  plates,  which  are  of  a  slightly  less  diameter. 
To  prevent  the  passage  of  the  steam  through  the  break  in  the 
outer  packing-ring,  a  rectangular  opening  is  made  in  the  two  edges 
of  the  ring,  and  in  this^  is  placed  a  small  tongue-piece,  a",  screwed 
to  the  inner  ring,  this  piece  serving  to  close  or  break  the  joint 
without  preventing  the  play  of  the  rings.  The  principal  plate  of 
the  piston  is  fixed  to  the  piston-rod  by  means  of  a  key  (tig.  9). 
The  piston-rod  is  consequently  of  increased  diameter  at  its  lower 
end.  The  upper  end  of  the  piston-rod  is  likewise  fixed  in  a 
socket,  i',  (figs.  9  and  13,)  which  terminates  in  two  vertical 
branches  to  receive  the  middle  of  the  spindle,  e~,  which  is  held 
down  by  means  of  a  key. 

CONNECTING-ROD   AND    CRANK. 

411.  The  connecting-rod,  J,  (figs.  8,  9,  14,  and  15,)  terminates 
at  its  lower  end  in  a  fork,  by  means  of  which  it  is  jointed  to  the 


spindle,  e2,  brasses  being  fitted  in  either  side,  and  secured  by 
bridle-pieces  passing  under  them  and  keyed  above.  The  fork  is 
jointed  to  the  spindle,  e2,  on  each  side  of  the  piston-rod  head, 
sufficient  space,  however,  being  left  between  them  for  the  levers, 
x.  The  head  of  the  connecting-rod  (figs.  15  and  1G)  is  likewise 
fitted  with  brasses  to  embrace  the  pin,  /,  of  the  crank  ;  these 
brasses  are  tightened  up  by  means  of  the  pressure  screw,  f. 

The  crank,  K,  like  the  connecting-rod,  j,  is  of  wrought-iron, 
being  adjusted  on  the  end  of  the  first  motion  shaft,  and  secured  to 
it  by  a  key.  This  crank  is  very  often  made  of  cast-iron  in  sta- 
tionary engines,  but  in  marine  and  locomotive  engines  it  is  generally 
forged,  so  as  to  be  better  suited  for  resisting  severe  strains  and 
shocks. 

The  first  motion  shaft,  L,  is  likewise  either  of  cast  or  wrought- 
iron.  In  the  notes,  we  have  already  given  tables  and  rules  for 
determining  the  respective  dimensions  of  this  detail.  It  is  not 
only  supported  by  the  brasses  of  the  pillow-block,  u,  but  also  by 
those  of  a  similar  one,  fixed,  we  shall  suppose,  upon  the  wall 
which  divides  the  engine-house  from  the  workshop  or  factory. 
It  should  always  be  larger  in  diameter  where  it  receives  the 
fly-wheel,  If. 

FLY-WHEEL. 

412.  The  fly-wheel  is  of  cast-iron — of  a  single  piece  in  the 
present  example,  because  its  diameter  is  only  35  metres.  When 
of  larger  dimensions,  the  rim  and  the  arms  are  cast  in  separate 
pieces,  and  then  bolted  together.  For  wheels  of  from  5  to  8 
metres  in  diameter,  the  rim  is  made  in  several  pieces,  and  the 
arms  are  also  cast  separate  from  the  boss,  and  all  the  parts  are 
then  bolted  together.  The  arms  are  sometimes  made  of  wrought- 
iron  of  small  dimensions,  with  the  view  of  reducing  the  weight 
near  the  centre,  without  reducing  the  effect  of  the  wheel. 

FEED-PUMP. 

413.  This  pump  serves  to  force  into  the  boiler  a  certain 
quantity  of  water,  to  replace  that  which  is  converted  into  steam 
and  expended  in  actuating  the  engine.  It  is  a  simple  force- 
pump,  consisting  of  a  cylinder,  R,  in  which  works  the  solid  piston 
or  plunger,  q.  The  piston  is  not  in  contact  with  the  sides  of  the 
pump  cylinder,  and  the  latter  consequently  only  requires  to  be 
turned  out  at  its  upper  part,  where  it  is  formed  into  a  stuffing- 
box  and  guide  for  the  plunger,  being  necessarily  air-tight. 

On  one  side  of  the  pump  is  cast  a  short  pipe,  to  which  is 
attached  the  valve-box,  R,  generally  made  of  brass.  To  the  lower 
part  of  this  is  secured  the  suction-pipe,  t',  communicating  with  a 
cistern  of  water,  and  having  a  stopcock,  s',  upon  it,  like  the  one 
represented  in  detail  in  Plate  XVII.  To  one  side  of  the  valve- 
box  is  likewise  fitted  the  discharge-pipe,  carrying  a  similar  stop- 
cock, s2 ;  this  last  pipe  is  generally  passed  through  the  pipe  which 
carries  off  the  waste  steam,  so  that  the  water  may  take  up  some 
of  the  heat  of  this  steam  before  entering  the  boiler. 

It  will  be  seen,  from  figs.  9  and  23,  that  this  valve-box  contains 
two  valves,  s,  s2 ;  the  lower  one  of  which,  s',  is  the  suction-valve, 
and  the  upper  one,  s2,  is  the  discharge-valve.  The  latter  is  much 
larger  in  diameter  than  the  former,  so  that  its  seat  may  be  wide 
enough  for  the  lower  valve  to  be  passed  throngh  it.     The  upper 
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i<  closed  by  »  OOrer,  which  i»  firmly  bald 
down  by  I  he  .rtfW,  K,  and  ir 

11  :li  valve*  an?  made  eoninl  at  tlic  seat,  as  in  fig.  24,  to  as  to 

aider  |«rt  nf  the  rail  il,  no  as 

,!  away  at  the  Met,  to  allow  of  the  passage 
of  the  water  when  it  rises.  It  U  from  the  appearance  this  gives 
that  these  valves  are  caltril  lantern  i 

nop  cylinder  i»  further  furnished  with  a  lafi  ty  valve,  i*, 
of  which  tig.  25  is  a  dV  I 
the  air  to  escape,  when  il  a.<  umul  al 

(  tin'  pump  Mai.  ami 

il  k>  j.t  in  it«  | ' .  .  rank  lever,  k,  up. 'ii  the  boriaontaJ 

ann  of  which   is   suspended  a  rhalancc 

lln-  ml.  I 

a  small  rod,  I,  adjust- 
•  ■  t  which  terminates)  tha  long  wrougbt-iron  rod,  p', 
I  l".  thauppei  exrremit y  of  whieh  ia formed  into  a  collar, 
•  .  ■    i  ■ .     1 42 
Tlic  action  of  this  pump  is  analogous  to  that  of  tha  i 

which  wc    have   alreaily   given  a   description.       Thu-,   whin  the 

is  workim:,  and  thl  and  r,  are   open,   tha 

the  dstern  by  the  pipe,  b',  tha  ralre,  ■•'.  opening, 

■  paaaaga  into  tha  body  of  tha  pump,  into  which  it  flowi 
tha  pfatton  aaoanda.     When,  however,  tha  piaton  descends, 

■  i-  driven  back,  and,  <  l ■  .-in _r  tha  lower  valve,  *',  ncccs- 
aaifly  ..p.  ns  tha  nppar  one,  ■>',  and  proceedi  along  tha  discharge- 

tha  boOar.     Tha  quantity  of  feed-water  is  regulated  by 
means  of  the  atopoooka,  ami  may  be  entirely  shut  off  by  closing 

tin-in  ,  but  thru,  in  mi  .   eccentric.  P,  with  its  rod,  r  . 

«ill  eon)  to  loosen  the  plunger, 

i),  which  i«  don.  |  the  t hum).  IOTSW,  »,  l.v  which  the 

!  i>  attached  (••  the  at  i  antric  rod,  in  such  n  maun,  r  thai 

18,  at  |  ,  ,  centric  r.»l,    t ,   will 

-imply  slide  up  and  down  the  rod,  without  moving  it. 

BALL  01   BOTATnra    PSNDULUU   <•< ivi  i:\ui:. 

il  I.    i  this  piece  of  mecbaiii-iii  ii  tha  regslation  of 

lly  of  the  machine,  in  proportion  t..  the  | 

or  shuts  a  ralre, 

in  the  st.  un-pipe,  o,  and  .ill.  d  a  throttle-valve.     Juat 

i-  h  i'i  for  the  iteain  by  tha  opening 

j  of  this  throttle-valve,   which  is  contained  in  BO 

tm.  nt,  and  i-  actuated  by  a  rod,  p****^g 
i  at  I  tha  quantity  of  steam 

which  liuds  its  way  to  thl  rvlindi  r  more    or    le-s  ;   and,  similarly, 

•  .ii..u  or  retard  ition  of  tha  motion  of  tha 

BlOtI baft  in  connection  with  it. 

■    ■ 

amity,  in  tha  and  of  a  small  bracket  rapport,  /'. 

k     To  its  upp.  r  i  n. I 

.   Ii  tciiiiinalii 

I 

to  that 
I.I.-  upon  the  main  spindle. 
t..ry  motion  being  given  to  tha  vertical  spindle,  and  tb>' 

tnd  with   it.  will  have  a  constant   i 


i •  aaon  of  the  centrifugal  force 
velocity  remains 
the  same,  the  balls  will  I 

drawing,  and  ty  :  that 

!i  the  apparat  When 

•nsequencc,  ss  we  n 

example,  of  some  parts  of  the  math  f  gear — 

the  balls  will    lly  asm;  I  'ion,   p*, 

i  upon  fig.  C.      In  tli 
will  be  lifted  up.      Now  thil  at  its  circular 

I  t>f  the  fori 

rod,   h.  and   this,   by  a  suite  of  levers  and 
■i:,<l'.</>,  and;/1,   communicates  with   the  throtllc- 
.  drawn  with  it-  box,  A:,  in  fig*.  26 and  'J7.      1: 
from  tha  combination  of  these  w  i 

riaaa,  tha  ralra  will  be  shut.     If,  on  the  cntrary.  the  velocity 
I  !•■  low  the  proper  point,  owing  to  sn  b 

balls  will  approach   each    other,   and  a--iinio  the 
position  gin  n  in  tig.  7.      Th. 

quently,  tha  throttle-valve  will  become  mora  op  n,  ao  a- 1..  allow 
quantity  of  steam  t..  antai  I  I  thence 

pass  into  the  cylinder.      The  extreme  poail 
anna,  beyond  which  they  cannot  go,  arc  determined  by  thi 

i  d] the  spindle,  /. 

Tlio  motion  of  this  spindle  is  derived  from  the  first  motion 
shaft,  i.  by  in,  in-  of  tha  groorod  pulley.  ■*,  flxad  upon  the  inter- 
mediate spindli  .  t,.  the  capital  of  the  column,  t, 
and  by  the  bevil-wheela,  r*,  receiving  their  motion  from  the  pulley, 
r',  so  that  a  constant  ratio  is  maintained  bt  tween  the  r..' 
machine  and  that  of  the  govtm ..r. 

The  geometrical  diagram,  figs.  6  and  7,  will  sufficiently  explain 
ti\.-  positions  of  each  of  thi  pendulum,  and 

w.ll  show  how  the  rising  of  tha  socket  upon  tha  spindle  is  caused 
by,  and  is  in  proportion  to,  the  Dying  atnrtditr  of  ll 

Ing  to  the  Dumber  of  revolutions  of  the  spindle,  and  the  I 
;  i  ading  arms. 


MOVEMENTS  OP  THE  DISTRIBUTION  AND  i\r\\ 

BIOS  \.\l.\  l  - 

DISTBIBt   MOM    \  \  i.  \  I  . 

4l.r).  \\ .   ban  Man  thai  thavah  ted  in  diiTerent 

la  attached,  b]  it-  r...l. •/.  t..  |  :   n*,  which  iajoi I  to 

the  r..«l,  n-.  of  the  ilicular  aooantri  When, 

as  was  customary  until  latch  .  the  centre  .  :  Ilea  in  a 

rpendii  niar  to  tha  direction  of  tha  crank  tha ramantaof 

tha st. ,. in  pi st.. n  an. I  ralva  .He  .1  iii.  i.  m  t.. ,  tch other    thai 

when  the  crank  naBBM  from  the  b  ft  horiaontal  to  the  rii;ht  hori- 
zontal position, thl  pi  '  ..tr  move- 
ment .  the  eooantrio,  howorar,  passes  from  the  lower  extremity  of 
n  through  tl  tha  tret  motion 
shaft,  to  the  ii ] ■  i ■<  r  i  ttremitj .  i                   and  i  onaequently  gives 

the  valve  a  rectilinear  movement  quite  ditlii.  nt  t..  that  of  the  pis- 
ton, in  such  a  manner  thai,  when  the  latter  is  at  the  middle  of  its 

itroka,  the  ralre,  on  tha  other  hand,  >-  al  tha  and,  and  the  steam- 
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ports  are  consequently  fully  open,  to  give  the  steam  the  freest 
passage  into  the  cylinder. 

"Whilst  the  piston  is  accomplishing  its  stroke  in  one  direction, 
the  valve  moves  up  or  down,  and  returns  again  to  its  central  po- 
sition, the  part  which  it  covered  being  opened  and  again  shut ; 
when,  however,  the  crank  makes  two  fourths  of  a  revolution  in 
different  directions,  the  piston  rises  and  falls  half  a  stroke  each 
way,  whilst  the  valve  makes  a  single  rectilinear  movement  in  one 
direction. 

Finally,  for  each  of  these  movements,  whilst  the  velocities  of  the 
piston  are  increasing  from  the  commencement  towards  the  middle 
of  its  stroke,  those  of  the  valve  are  decreasing,  and  reciprocally. 
It  therefore  follows,  that  the  maximum  space  passed  through  by 
the  piston,  for  a  given  portion  of  a  revolution  of  the  crank,  cor- 
responds to  the  minimum  passed  through  by  the  valve. 

LEAD  AND  LAP  OF  THE  VALVE. 

416.  Of  late  years,  engineers  have  recognized  the  advantage  of 
inclining  the  radius  of  the  eccentric,  with  regard  to  the  radius  of 
the  crank,  instead  of  placing  them  perpendicular  to  one  another, 
in  such  a  manner  that,  at  the  dead  points — that  is,  the  extreme 
high  and  low  positions  of  the  piston— the  valve  shall  already  have 
passed  the  middle  of  its  stroke  to  a  slight  extent ;  it  is  this  advance 
of  the  valve  which  is  termed  the  lead. 

The  effect  of  giving  this  lead  to  the  valve,  is  to  facilitate  the 
introduction  of  the  steam  into  the  cylinder  at  the  commencement 
of  the  piston's  stroke,  and  at  the  same  time  to  allow  a  freer  exit 
to  the  waste  steam  on  the  other  side  of  the  piston  ;  a  greater  uni- 
formity of  motion  is  in  consequence  obtained,  whilst  less  force  is 
lost. 

In  order  to  avoid  as  much  as  possible  the  back  pressure  due  to 
the  slow  exit  of  the  waste  steam,  it  is  likewise  customary,  in  addi- 
tion to  the  lead,  to  give  the  valve  more  or  less  lap ;  that  is  to  say, 
to  make  the  width  of  that  part  of  the  valve  which  covers  the  ports, 
a,  b,  fig.  28,  sensibly  greater  than  that  of  the  ports  themselves. 

In  explanation  of  the  effects  due  to  the  lead  and  lap  of  the 
valve,  we  have,  in  fig.  35,  given  a  geometrical  diagram,  indicating 
the  relative  positions  of  the  crank,  the  piston,  the  eccentric,  and 
of  the  valve. 

Let  o  O  represent  the  radius  of  the  crank  ;  with  this  distance  as 
a  radius,  and  with  the  centre,  o,  describe  a  semicircle,  which  divide 
into  a  certain  number  of  equal  parts.  From  each  of  the  points  of 
division,  let  fall  perpendiculars  upon  the  diameter,  o  c.  The  points 
of  contact,  1,  2,  3,  4,  &c,  represent  upon  this  diameter,  considered 
as  the  stroke  of  the  piston,  the  respective  positions  of  the  piston, 
corresponding  to  those,  22,  3",  42,  &c,  of  the  crank  pin.  It  is  un- 
necessary to  take  into  account  the  length  of  the  connecting-rod, 
which  connects  the  latter  to  the  piston,  because,  in  the  present 
case,  the  connecting-rod  is  supposed  to  be  of  an  indefinite  length, 
and  to  remain  constantly  parallel  to  itself,  so  that  it  cannot  mo- 
dify the  results. 

With  the  centre,  o,  likewise  describe  a  circle  with  a  radius, 
o  a',  equal  to  that  of  the  eccentric,  n.  We  have  assumed  the 
point,  a',  to  be  the  position  the  centre  of  the  eccentric  should 
have  at  the  moment  when  the  piston  is  at  the  end  of  its  stroke — 


that  is  to  say,  at  o ;  the  distance  of  this  point,  a',  from  the  verti- 
cal, m  n,  expresses  the  lead  of  the  valve,  and  consequently  the 
angle,  m  o  a',  is  called  the  angle  of  lead.  The  position  of  the 
point,  a',  may  likewise  be  obtained,  after  the  following  data  are 
decided  on — namely,  the  height  of  the  ports,  a,  b,  fig.  28,  the 
width,  r  s,  of  the  flange  of  the  valve,  which  is  equal  to  the  height 
of  opening,  t  r,  which  properly  expresses  the  amount  of  lead  given 
of  the  port  augmented  by  twice  the  lap,  together  with  the  amount 
to  the  introduction  of  the  steam  to  the  cylinder,  and  the  amount 
of  opening,  s'  t',  expressing  the  lead  given  to  the  escaping  steam, 
and  which  is  always  greater  than  the  former,  so  that  the  exit  pas- 
sages may  be  in  communication  as  long  as  possible. 

The  diameter  of  the  eccentric,  n,  is  equal  to  the  height  of  the 
port,  augmented  by  the  width,  r  s,  of  the  flange  of  the  valve,  and 
the  difference  which  exists  between  the  two  amounts  of  lead,  s'  f 
and  r  t ;  it  is,  then,  with  the  half  of  this  as  radius  that  the  circle, 
a'  b'  &  d',  must  be  described ;  and  we  then  obtain  the  point,  a',  by 
setting  off  from  the  centre,  o,  to  the  right  of  the  vertical,  m  n,  a 
distance  equal  to  the  lead  of  introduction,  r  t,  augmented  by  the 
lap.  Starting  from  this  point,  a',  we  then  divide  this  circle  into 
as  many  equal  parts  as  we  previously  divided  the  one  into,  de- 
scribed by  the  crank  pin,  and  then  through  each  of  the  points  of 
division  we  draw  perpendiculars  to  the  vertical,  m  n. 

We  further  draw  the  straight  line,  a' a',  parallel  to  ran,  when 
the  distance  of  the  several  points  of  division  from  this  line  will 
indicate  the  successive  positions  of  the  valve  in  relation  to  those 
of  the  piston.  Thus,  after  having  drawn  the  horizontals,  r  u, 
through  the  extreme  point,  r,  of  the  valve,  at  the  moment  when 
the  piston  is  at  the  extremity  of  its  stroke,  make  l2 — 1'  equal  to 
&'  V',  and  the  point,  1',  indicates  how  far  the  valve  has  descended 
during  the  time  the  piston  has  traversed  the  space,  o  1,  whilst  the 
crank  has  described  the  first  arc,  o  V.  In  like  manner,  set  off 
the  distances,  e'e2,  dl  d2,  &c.,  which  correspond  to  the  third  and 
fifth  divisions,  reckoning  from  the  horizontal  line,  r  u,  from  i2  to  3', 
and  from  h~  to  5',  on  the  verticals  corresponding  to  the  third  and 
fifth  positions  of  the  piston,  and  consequently  the  positions,  32 
and  52,  of  the  crank.  It  will  then  be  seen  that  the  valve  con- 
tinues to  descend  until  the  moment  the  centre  of  the  eccentric 
reaches  the  point,  f,  upon  the  horizontal  line,  of,  corresponding 
to  the  sixth  position,  and  the  valve  then  wholly  uncovers  the 
port,  a,  as  shown  in  fig.  29.  During  the  continued  revolution  of 
the  eccentric,  on  passing  this  point  the  distances  of  the  points  of 
division  from  the  line,  a'  (/,  diminish,  and  the  valve  reascends,  in 
such  a  manner  as  that,  when  the  centre  attains  the  point,  p — that 
is  to  say,  when  the  crank  shall  have  performed  a  semi-revolution, 
and  the  piston  have  arrived  at  IS,  at  the  other  end  of  its  stroke — 
the  valve  will  occupy  the  position  indicated  in  fig.  30.  This 
figure  shows  that  it  uncovers  the  lower  port,  b,  for  the  introduc- 
tion of  the  fresh  steam,  and  the  upper  one,  a,  for  the  escape  of 
the  used  steam.  If  the  respective  positions,  6',  7',  8',  9',  &c,  of 
the  valve,  be  determined  throughout  the  entire  stroke,  by  setting 
off  upon  the  verticals,  6,  7,  8,  9,  &c,  the  distances  of  the  points  of 
division  of  the  eccentric  from  the  straight  line,  a'g',  as  already 
explained,  a  curve  will  be  formed,  as  at  ?<3'6'9'18',  which  is  a 
species  of  ellipse.  This  diagram  has  the  advantage  of  bringing 
into  a  single  view  the  relative  positions  of  the  crank,  piston,  eccen- 
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trie,  mi  I 

Thus,  to  obt  i  I  to  that, 

j,  of  tlw?  steam-piston,  it  i-  •  .1,  y  a , 

which  will  cut  the  cur. 

•  d,  t  «',  pass! 

howa  how  mu' 
It  will  be  seen,  al-o,  that  tl 
riionlal,  t  »',  in  the  ; 
at  which  the  valve  closes  the  port.      In  ll 

will  unl .  :  and  it 

has,  co  i. 

in  that,  with  a 
valve  which  lias  lead  and  Up,  we  actually  work  t) 

In  the  CM  "  i.<  cut 

off  at  four- fifth- 
It  nil',  machine  continues  its  action, 

.  ■  which 
had  reached  p  will  continue  to  ascend,  and  the  valve  will  shortly 
attain  the  position  indi  ;  lace  as  soon  as 

li  tlii-  position, 
open    the  first  to  the  exit  aperture, 
I  lotion  of  the  steam,  whQct  I 

.  as  will  also  be  found  by  continuing 
18*,  of  which  the  prolongation,  1"-  -I  "•".  is  exactly 
symmetrical  with  regard  to  the  inelii  <  In  the  tune 

diagram 

equal  and  parallel  to  the  first,  and  which  i:  pectivo 

in  r.  la- 
tion  to  the  port,  A,  so  as   to  have,  at    first   si^lit,   the   r. 
of  this  second  flange.      This  outline  is  e\  identlv 

the  constant  distance,  r*',  of  tin  \.ilve,  li.-.  28,  upon 
the  verticaU,  drawn  through  1,  -'.  ' 

It  may  be  remarked,  thai  tl  t lie  ports,  a  and 

A,  is  arbitrary.  much  as 

liminiah  the  surface  of  the  valve,  an  I 
rpientlv.  the  pressure  of  the  steam  acting  on  the  baek  of  it.      In 
all  cases,  it  is  necessary  that  the  height  of  the  exit  p.irt.  e,  should 
bo  greater  than  that  of  the  introduction  port-,  by  a  quantity  at 
least  c>j  the  lap  and  the 

t  •'  and  /  r. 

m  \  a. 

417.    I  .-ous  to 

that  of  the  ordinary  valve  eccentric,  eieept  that  the  position  of  its 

• 
with   the 

I  ;  t  .  the  adju-t , 

-crews,  n'.     This  arrangement  all 
throw  being  increased  or  diminished ;  tliat  is,  of. 

tot  the 


tion  as  t'  abash  is 

.. 

drawn  m  D  when  the  ] 

-•  d,  as  indicat' 

the  eccen- 
tric, and  that  the  vali  ;■  uncover  the 
•      ■    ' 
the  case. 

d  parts, 
starting  from  the  point,  at1;  tl  I  is*,  <i'.  draw  a 

line,  and 

from  the  horizontal  passing  through  the 
valve,  it ;  we  thai  obtain  a  second  elh'ptii 

■  which  is  that —  tinted  with  a  I  le  than 

the  ellip 

inct.      This  c  :  horizontal  line 

drawn  through  the  upper  edge  of  the  port,  <l.  in  the  point,  a,  which 
it  what  time  the  valve.  II,  close-  I 

89,     It  win  be  seen  thai  this  point  . 

of  the  steam-piston,  tl..  tea  place 

when  the  piston  has  performed  no  more  than  a  fourth  of  it 
Continui:  ...  nt.  it  will  1 

■ 
port  a  little  before  tin   | 

i-  aridi  Ut  that  the  .-team  cannot  find  its  way  into  the  cylinder  at 
this  point,  for  the  distribution  valve  is  in  it- turn  clos.  d,  as  soon 

will  be 
•     ■  valve,  II.  1  re  reaching  the 

end  of  its  stroke,  as  indicated  i  40,  and  as  shown  also 

in  the  diagram,  i 

in.'  tin    radius  of  the  eccentric,  n.  and  :; 
lively  with  the  radius  of  the  crank,  it  will  , 
understood,  that  within  certain  limits  we  can  alter  the  t. 
ilo  valve,  H.  o|iens  and  closes  the  entrance  port,  and  are  consc- 
quently  i  nal  l<  I  to  vary  the  .!  jn  ■  of  aapa 

1  IS  .-how  that  the  rod  of  :  ,ttachcd 

I  T  joint,   which   leaves   the  valve    sufficiently 

. !  \  e  face  ; 
and  a  similar  I 

■ 
ing  pages,  wit  li  :  action  of  this 

|  differ  in 
some  of  the  an  ind  forms  of  the  eoaaponeal 

tudenl  "ill   find  the  rules  and  tables 
1  in  the  calculations  ..  i  iiginos. 
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generally  105°  cent. — in  which  case  the  tension  of  the  steam  will 
sustain  a  column  of  mercury  of  90  centimetres  in  height ;  that  is 
to  say,  14  centimetres  above  that  due  to  atmospheric  pressure. 
It  is,  consequently,  equal  to  a  pressure  of  1-17  atmospheres,  or 
1  2  kilog.  per  square  centimetre.  It  is  for  this  pressure  that  what 
are  generally  known  as  Watt's  engines,  without  cut-off  valves,  are 
calculated  ;  and  the  one  we  have  been  examining  is  regulated  upon 
this  datum. 

There  is,  however,  a  great  difference  between  the  pressure  of 
the  steam  in  the  boiler,  and  that  to  which  the  effective  power  of 
the  machine  is  due.  It  is  evident  that  a  part  of  the  pressure  will 
be  absorbed  by  the  back  pressure  due  to  an  imperfect  vacuum,  as 
well  as  by  the  friction  of  the  piston,  and  other  moving  parts,  and 
the  leakage  and  condensation  in  the  steam  passages.  So  that, 
taking  into  consideration  these  various  causes  of  loss,  the  effective 
force  may  be  estimated  at  '5  kilog.  only,  per  square  centimetre,  in 
the  majority  of  engines,  whilst  it  may  reach,  perhaps,  -65  kilog. 
in  the  most  efficient. 

The  rule  for  calculating  the  power  of  low-pressure  steam-engines 
consists  in — 

Multiplying  the  mean  effective  pressure  of  the  steam  upon  the 
piston  by  the  area  of  the  latter,  expressed  in  square  centimetres,  and 
the  product  by  the  velocity  in  metres  per  second. 

The  result  of  this  calculation  will  be  the  useful  effect  of  the 
engine  in  kilogrammetres. 

To  obtain  the  horses  power,  this  result  must  be  divided  by  75. 


Thus,  the  diameter  of  the  cylinder  of  a  low-pressure  non-expan- 
sive steam-engine  being  -856,  and  its  section  5755  square  centi- 
metres, if  the  effective  pressure  upon  the  piston  is  -G3  kilog.  per 
square  centimetre,  and  the  velocity  1-1070 — 

We  have 

•G3  X  5755  X  M07G  =  4015G7  lc.  m. 

Whence — 

4015-G7-^  75  =  53-54  11.  P. 

But  the  effective  pressure  upon  the  piston  is  not  always  -63 
kilog.  per  square  centimetre ;  it  is  more  frequently  below  than 
above  this  amount.  It  varies  not  only  according  to  the  power  of 
the  machine,  but  also  according  to  the  state  of  repair.  Thus, 
sometimes  the  effective  pressure  will  not  be  more  than  -45  kilog. 
in  small  engines,  whilst  in  large,  powerful  ones,  it  may  at  times 
reach  -65  kilog. 

Single-acting  engines,  such  as  are  employed  in  mines,  are  of  the 
same  dimensions  as  double-acting  ones,  but  of  only  half  the  power. 
Thus,  the  cylinder  of  a  low-pressure  steam-engine,  of  50  horses 
power,  and  only  single-acting — that  is  to  say,  receiving  the  action 
of  the  steam  during  the  descent  only  of  the  piston,  is  exactly  the 
same  as  in  a  machine  of  100  horses  power,  in  which  the  steam  acts 
alternately  on  both  sides  of  the  piston. 

In  the  following  table,  which  applies  to  this  kind  of  steam- 
engine,  we  have  given  the  diameters  and  velocities  of  the  steam- 
piston  from  1  to  200  horses  power. 


TABLE  OF  DIAMETERS,  AREAS,  AND  VELOCITIES  OF  PISTONS,  IN  LOW-PRESSURE  DOUBLE-ACTING  STEAM  ENGINES,  WITH 
THE  QUANTITIES  OF  STEAM  EXPENDED  PER  HORSE  POWER. 


Diameter 
of 

Area  of  piston. 

Length 

Number 
of 

Velocity 
of  piston 

Velocity 
of  piston 

Effective 
pressure  on 
the  piston 

Weight  of  steam 

Horses 

expended 

power. 

piston. 

Total. 

Per 
horse  power. 

of  stroke. 

revolutions. 

per  second. 

per  minute. 

per  square 
centimetre. 

per  horse  power 
per  hour. 

cent. 

sq.  m. 

sq.  cent. 

m. 

per  1'. 

m. 

m. 

kilog. 

kilog. 

1 

•15 

•018 

•181 

•52 

50 

•85 

51 

•49 

38-81 

2 

•21 

•036 

•178 

•61 

42 

•8G 

52 

•49 

38-77 

4 

•30 

•0G8 

•171 

•76 

34 

■90 

54 

•49 

38-77 

G 

•35 

•098 

•103 

•91 

31 

•94 

57 

•49 

38-72 

8 

•40 

•128 

•160 

1-07 

27 

•9G 

58 

•49 

38-72 

10 

•45 

■159 

•159 

1-22 

24 

•98 

59 

•49 

38-64 

12 

•49 

•189 

•157 

1-22 

24 

•98 

59 

■49 

38-64 

16 

•55 

•240 

•150 

1-37 

22 

1-01 

00 

■50 

37-80 

20 

•Gl 

•292 

■146 

1-52 

20 

1-02 

Gl 

•51 

37-38 

24 

■m 

•346 

•144 

1-09 

18 

1-02 

01 

"52 

3G-88 

30 

•73 

•414 

•137 

1-83 

17 

1-04 

G2 

•53 

36-04 

40 

•83 

•535 

•134 

1-99 

16 

1-06 

04 

•53 

35-70 

50 

•91 

•658 

•132 

2-13 

15 

1-07 

04 

•54 

35-32 

CO 

1-00 

•779 

■130 

2-28 

14 

1-07 

04 

•54 

34-94 

70 

1-07 

•903 

•129 

2-44 

13 

1-06 

03 

•55 

34-36 

80 

1-14 

1-032 

•129 

2-44 

13 

1-06 

G3 

•56 

34-31 

90 

1-21 

1-138 

•12G 

2-59 

12 

1-04 

02 

•57 

33-01 

100 

1-27 

1-264 

•126 

2-59 

12 

1-04 

02 

•58 

32-97 

120 

1-39 

1-512 

•126 

2-74 

11 

1-00 

00 

•59 

31-92 

1G0 

1-60 

2-005 

•125 

3-00 

10 

1-00 

GO 

•60 

31-67 

200 

1-78 

2-480 

•124 

3-00 

10 

1-00 

60 

•61 

31-47 

DIAMETER    OF   THE   PISTON. 

By  means  of  the  above  table,  we  can,  in  a  very  simple  manner, 
determine  the  diameter  and  velocity  of  the  piston  of  a  low-pressure 


double-acting  steam-engine,  supposing  the  steam  to  be  of  the 
pressure  of  1-17  atmospheres  in  the  boiler,  corresponding  to  a 
column  of  mercury  of  90  centimetres  in  height. 


ut 
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area  of 
piston  per  horse  pow 
horse*  power  of  the  engine  I  ill  then 

/  1" »  low- 

; 

In  tlie  fourth  column  of  our  table,  it  will  be  teen  tluit  I 
to  be  gh 

bone  power  f  nea,  with  a  i 

■at  ■  I 

lit   X  U  =  6600  -lie  total 

area  ol 

■v'Stioo  x   ■ 

Thus,  the  diameter  of  the  [  I 

minute,  given 

■ 

. 

number 
t"  the  crank,  or  strokes  of  :  minute, 

according  to  :  which  it 

Thai  in 
stroke  of  tin    ; 

:  minute  thin  in  mat  -luce,  in 

lace  the 
:'  the  machinery;  and  the  stroke  i-  v.  much 

■ 

tractor,  according  to  what  be  nay  G 

in  the  tr .  r  to  the  machinery  ;  and  he  calcu- 

■.  few  revolution*  per  minute 

diflereneeln  the 

lociti  -  laid  down  in 

to  work 
with  a  velocity  eomewl  iter,  than  that 

thit  dif- 
i  liiiniiii-li  lli> 

i  the  required 
letermined  by 
a  mtv 

'    ; 

2  m. 
It  will  be  in  the  following  b 

■ 

1    !    I 

x  =  111   x    109  sb   146-8  K\.t., 

■    - 
i 

1  area; 
and 

■ 


I  ndittire 
era,  ai  well  a- 

■ 
It  will  be  obai 

[ilMI   of  miall 

werful  ones— the  reason  of  which  is  self- 

Thus,  for  a:  nditure 

par  hone  powet  pat  boor;  wlu!-t  for  an 

iee  32-97 

for  a  like  power  in  the  same  time. 

:  -  of  the  steam  have  been  calculated 
from  the  following  formula: — 

W  =   A   X  B   X    ■   X    2  X   X  CO. 
the  area  per  1 

s.  the  atroke  of  the  | 

tr.  tin-  weight  ot"  a  cubic  metre  of  steam  at  the  pressure  employed; 
N.  the  n  I  itions. 

■  of  steam  re- 
sulting from  Uakaga  and  condensation  ii>  I  pal  and 
passages,  win,  h                               ted  at  one-tenth  of  the  whole 
expenditure,  a*  thil   item  should  evidently  cuter  into  the  calcula- 
ilcr. 

Tho  section  of  the  pipe  which  conveys  the  steam  to  the  cylin- 
dj  r,  M  at  11  M  that  <>f  the  introduction  ports  and  passages,  should 
1  to  I  twentieth  of  the  area  of  the  pi-ton. 
Whence  it  foUowa,  that  the  diameter  of  the  steam-pipe  should 
be  one-fifth  of  that  of  the  cylinder. 

We  mil-!,  bowerer,  remark,  that  the  gn  Iter  the  relodty  of  the 
lional  area  of  the  . -team  pipes 
!  eause  of  this  that,   ■ 

h  or  a  ninth   of  that   of  the 
cylinder,  and  at  the  same  time  the  pi  OH  III  a  of  1 1 1  > 
.1  to  '<  or  6  atl 

All!  POMP    • 

:  the  air-pomp  piaton  i-  eqoal  to  half  that  of  the 
sir  mi  pi-ton  ;  and  as  it 

ling,  it  can  only  rai-e  a  quantity  of  air  and 

water  eqoal  to  it-  own  rabi 

rea  of  the  pump  il  -8827  sq.  in.  ;  and  the 
I  261  cuhic 

Under  is 
•  the  pump  discharge!  only  a  little 

it  out  by  the  -team  cylinder. 
action  of  the 

l  of  the 
pump,  al 

r  varies 
•    ■  water,  it  will  I 

,!■•  it. 

..  I  r : — 
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Rule. — Take  the  excess  of  (he  temperature  of  the  steam  over  that 
of  the  injected  water,  and,  after  adding  550  to  it,  multiply  it  by  the 
weight  of  steam  to  be  condensed,  and  divide  the  product  by  the  differ- 
ence of  temperature  between  the  discharged  and  the  injected  water. 
The  quotient  will  be  the  weight  of  cold  water  to  be  injected. 

Thus,  let  to  represent  the  weight  of  the  steam  to  be  condensed; 
t,  its  temperature ;  W,  the  weight  of  the  cold  water  to  be  injected 
into  the  condenser ;  t',  its  temperature ;  and  T,  that  of  the  water 
discharged : — 

We  have 

_  w  (550  +  <  -  T) 
T  —  i 

If  we  make  w  =  2616,  f  =  12°  cent.,  T  =  38°,  and  t  =  105", 
we  shall  have 

_  26-16  (550  +  105°  -  38') 
38°  —  12°  ' 

Whence,  W  =  621  kilog.  or  litres,  for  the  expenditure  per 
minute  of  cold  water  in  the  condenser. 

That  is  to  say,  the  quantity  of  water  to  be  injected  into  the 
condenser  should,  in  this  case,  be  about  24  times  the  weight  of 
the  steam  expended. 

If  the  discharged  water  were  of  the  temperature  of  55°,  the  cold 
water  remaining  at  12° — - 

We  should  then  have 

_  26-16  (550  +  105°  —  55°) 
—  55°  —  12°  ' 

Whence — 

W  =  365  kilog.  or  litres. 

That  is  to  say,  that  in  the  last  case  the  water  injected  would 
not  be  more  than  14  times  the  steam  expended. 

But  it  is  to  be  remarked,  that  in  this  case  the  force  of  the  steam 
in  the  condenser,  at  a  temperature  of  55°,  is  equal  to  a  column  of 
mercury  of  12-75  centimetres  in  height ;  whilst,  in  the  first  case 
it  would  only  be  equal  to  a  column  of  5-5  cent.  There  is,  there- 
fore, an  advantage  in  employing  sufficient  injection-water  to  pro- 
duce the  lower  of  the  two  temperatures. 

From  the  preceding  results,  we  may  deduce  what  follows :  — 

First,  That  the  stroke  of  the  air-pump  piston,  in  low-pressure 
double-acting  steam-engines,  is  ordinarily  equal  to  half  the  stroke 
of  the  steam-piston. 

Second,  That  the  diameter  of  the  air-pump  piston  is  equal  to 
about  two-thirds  of  the  diameter  of  the  steam-piston ;  and,  conse- 
quently, its  area  is  about  half  that  of  the  latter. 

Third,  That  the  effective  displacement  of  the  air-pump  piston — 
that  is,  the  cubic  contents  of  the  cylinder  generated  by  the  disc  of 
the  piston — is  equal  to  an  eighth,  or  at  least  a  ninth,  of  the  contents 
of  the  cylinder  generated  by  a  double  stroke  of  the  steam-piston. 

Fourth,  That  the  capacity  of  the  condenser  is  at  least  equal  to 
that  of  the  air-pump. 

Fifth,  That  the  sectional  area  of  the  passage  communicating 
between  the  condenser  aud  air-pump  is  equal  to  one-fourth  the 
area  of  its  piston. 

Sixth,  That  the  quantity  of  cold  water  to  be  injected  into  the 
condenser  varies  according  to  its  temperature,  and  to  the  tempera- 
ture of  the  water  discharged. 

Seventh,  That  this  quantity  is  equal  to  24  times  the  weight  of 


steam  expended  by  the  cylinder,  where  the  mean  temperature  of 
the  cold  water  is  12°,  and  that  of  the  water  of  condensation  38°, 
which  are  generally  what  exist  in  low-pressure  double-acting 
engines. 

COLD  WATER  AND  FEED  PUMPS. 

The  capacity  of  the  cold-water  pump  should  be  the  24th  or 
18th  of  that  of  the  steam  cylinder.  The  capacity  of  the  feed  or 
hot-water  pump  should  be  the  230th  or  240th,  at  least,  of  that  of 
the  steam  cylinder. 

HIGII-PKESSURE    EXPANSIVE    ENGINES. 

Let  the  following  dimensions  be  given  for  an  engine  analogous 
to  that  which  we  have  just  described  : — 

Diameter  of  the  cylinder, =  -275  m. 

Stroke  of  the  piston, =   -680  m. 

Area  of  the  piston, =  -0594  square  m. 

Number  of  double  strokes  per  minute, =  -40 

Let  us  suppose,  in  the  first  place,  that  when  the  steam  reaches 
the  cylinder,  its  pressure  is  equal  to  5  atmospheres,  and  that  it  is 
cut  off  during  three-fourths  of  the  stroke  ;  that  is  to  say,  that  the 
cylinder  only  receives  the  steam  during  the  first  quarter  of  the 
stroke. 

This  pressure  of  5  atmospheres  is  equal  to  5  X  1-033  =  5-165 
kilog.  per  square  centimetre.  Consequently,  the  total  pressure 
exerted  upon  the  surface  of  the  piston  is — 

5-165  X   594  sq.  cent.  =  3068  kilog. 

And  as  with  this  pressure  the  piston  passes  through  a  space 
equal  to  one-fourth  of  its  stroke,  or 

•680  ^-  4  =  -170  m., 
it  is  capable,  theoretically  speaking,  of  transmitting  an  amount  of 
force  expressed  by 

3068   X    -17  =  521-56  kilogrammetres. 

Next,  dividing  the  length,  -51  m.,  or  the  remaining  three-fourths 
of  the  stroke,  into  an  even  number  of  equal  parts— as  four,  for 
example— each  of  these  parts  will  be  equal  to 

-  =  -1275  m. 
4 

Now  we  know  that,  according  to  Mariotte's  law,  the  successive 
volumes  of  a  given  quantity  of  any  gas  are  in  the  inverse  ratio  of 
their  tension  or  pressure,  provided  the  gas  is  in  the  same  condition 
throughout.  This  principle  may  be  regarded  as  quite  true  in 
steam-engines,  because  the  expansion  is  never  carried  very  far,  and 
as  the  steam  passes  through  the  cylinder  with  great  rapidity,  and  is 
continually  being  renewed,  after  a  certain  time  and  when  the 
cylinder  has  become  warm,  its  temperature  is  very  little  below 
that  of  the  steam  itself,  and  the  latter  suffers  no  appreciable 
change  in  passing  through  it.  Putting  P  for  the  pressure,  3068 
kilog.,  as  found  for  the  first  quarter  of  the  stroke,  we  may  state 
the  relations  of  the  volumes  and  pressures  in  the  following  manner; 
that  is,  at  the  points,  1,2,  3,  4,  5,  of  the  stroke,  or  for  the  succes- 
sive spaces,  -170  m.,  -295  m.,  -425  m.,  -5525  m.,  -680  m. 


in 
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According  to  this  table,  if  we  have  to  calculate  the  force  acting 
upon  the  piston  in  this  engine,  in  the  same  circumstances,  we 
must,  in  the  first  place,  ascertain  the  original  volume  of  the  steam 
introduced  into  the  cylinder  during  the  first  quarter  of  the  stroke 
of  the  piston.     This  volume  is  equal  to 

•0594   X   -17   =   -010098  cubic  metres. 

Now  it  will  be  seen  from  the  table,  that  the  force  given  out 
when  a  cubic  metre  of  steam,  of  a  pressure  of  5  atmospheres,  ex- 
pands to  four  times  its  original  volume,  is  equal  to 
123290  k.  m. 

Consequently,  that  corresponding  to  a  volume  of  -010098  cubic 
metres  will  be — 

123290  X  -010098  =  1245  k.m. 

And  deducting  from  this  the  atmospheric  pressure,  which  resists 
the  motion  of  the  piston,  we  have 

1245  —  417  =  828  k.  m., 
a  quantity  which  differs  very  little  from  that  obtained  by  the  more 
tedious  calculation.  Thus,  the  calculation  for  determining  the 
effective  power  of  a  steam-engine,  of  which  we  know  the  diameter 
and  stroke  of  the  piston,  the  pressure  of  the  steam,  and  the  amount 
of  cut-off,  reduces  itself  to  the  following  rule  : — ■ 

Rule. — Multiply  the  area  of  the  piston  by  the  portion  of  the 
length  of  the  stroke,  during  which  the  steam  acts  icith  full  2>ressure, 
and  you  will  determine  the  volume  of  steam  expended.  Multiply 
this  volume  by  the  amount  of  kilogrammetres  in  the  table,  correspond- 
ing to  the  pressure  of  the  steam  and  to  the  final  volume,  and  then 
deduct  from  the  product  the  amount,  in  kilogrammetres,  of  the  at- 
mospheric pressure  opposed  to  the  piston  during  the  entire  stroke, 
and  the  result  will  be  the  theoretic  amount  of  force,  in  kilogram- 
metres, given  out  by  the  steam  during  a  single  stroke  of  the  piston. 

A  HEDIUM-PKESSURE  CONDENSING   AND   EXPANSIVE  STEAM- 
ENGINE. 

Let  the  following  data  be  assumed  : — 

The  diameter  of  the  steam-cylinder  =  -330  m. 

The  stroke  of  the  piston ■=  -050  m. 

The  diameter  of  the  air-pump =  -180  m. 

The  stroke  of  its  piston, =  -325  m. 

The  diameter  of  the  feed-pump, ....  =  -035  m. 

The  stroke  of  its  plunger, =  -235  m. 

It  follows,  from  these  dimensions,  that  we  shall  have — ■ 

The  area  of  the  steam-piston =  855-30  sq.  cent. 

The  area  of  the  air-pump  piston..  =  254-47        " 
The  area  of  the  feed-pump =      9-62        •' 

And  for  the  displacement,  or  volumes  of  the  cylinders  generated 
by  the  pistons — 

That  of  the  steam  cylinder...    =  55-594  cubic  decim. 

That  of  the  air-pump ==     8-270  " 

That  of  the  feed-pump =       -226  '! 

We  shall  suppose  that,  when  the  engine  is  in  regular  working 
condition,  the  pressure  of  the  steam  is  3|  atmospheres;  and  we 
must  ascertain  what  is  the  actual  force  given  out,  supposing  the 
steam  to  be  cut  off  during  three-fourths  of  the  stroke  of  the  piston. 


That  is  to  say,  that  the  steam  is  admitted  into  the  cylinder  only 
during  a  quarter  of  the  stroke,  which  corresponds  to  -1625  m. 

Since  the  sectional  area  of  the  cylinder  is  -0885  m.,  the  volume 
of  steam  expended  during  a  fourth  of  the  stroke  will  be  equal  to 
•0885  X  -1625  =  -0139  cubic  metres ;  or, 
13-9  cubic  decimetres. 

Now,  according  to  the  table  of  the  amounts  of  force  given  out 
by  the  steam  at  various  pressures,  it  will  be  found  that  the  force 
due  to  a  cubic  metre  of  steam,  of  an  initial  pressure  of  3J  atmos- 
pheres, when  allowed  to  expand  to  four  times  its  volume,  is  equal 
to  86303  kilogrammetres.  As  the  table  does  not  give  the  actual 
amount  for  3.V  atmospheres,  it  may  be  taken  by  adding  together 
that  for  2i  and  1  atmospheres.      Thus — 

61645  +  24658  —  86303  k.  m. 

We  have,  therefore,  in  the  present  case — 

•0139   X   86303  =  1199-6  k.  m., 
as  the  force  due  to  a  single  stroke  of  the  piston. 

From  this  quantity,  however,  we  must  deduct  the  back  pressure 
due  to  the  imperfect  vacuum  in  the  condenser.  This  back  pres- 
sure is,  in  the  generality  of  cases,  equal  to  about  *27  kilog.  per 
square  centimetre,  when  the  temperature  of  the  water  of  conden- 
sation is  about  65°  cent. 

Allowing  this  to  be  the  case  in  the  present  example,  we  shall 
have  to  deduct  from  the  preceding  result  the  action  of  this  back 
pressure  upon  the  whole  surface  of  the  piston,  and  during  the 
entire  stroke.     This  is 

•27   X   -0885   X   -65   X   150-1  k.  m., 

We  have,  consequently, 

1199-6  —  150-1  =  1049-5  k.m., 
for  the  actual  force  given  out  by  the  piston  during  a  single  stroke; 
and  if  this  engine  works  at  the  rate  of  42  revolutions  per  minute, 
which  supposes  the  velocity  of  the  piston  to  be  -9  m.  per  second, 
we  shall  find  that  the  mechanical  effect  per  minute  will  be  equal  to 
1049-5  X  84  =  881588  k.  m;  or, 
881588  -f-  4500  =  19-59  horses  power. 

It  is  well  known,  however,  that  this  amount  is  far  from  being 
all  transmitted  by  the  first-motion  shaft,  for  a  portion  is  absorbed 
in  overcoming  the  friction  of  the  various  moving  parts  of  the 
engine,  and  there  are  also  other  causes  of  loss. 

If  we  reckon  that  the  force  which  is  really  utilised  is  not  more 
than  four-tenths  of  that  theoretically  due  to  the  steam,  in  which 
case  we  must  suppose  that  six-tenths  are  completely  lost,  we  shall 
have  for  the  effective  force  transmitted  to  the  first-motion  shaft— 

19-59   X   -4  =  7-84  horses  power; 
or  almost  8  horses  power,  of  75  kilogrammetres  each. 

If  it  is  desired  to  know  the  quantity  of  fuel  consumed  per  hour 
in  producing  this  mechanical  effect,  we  may  remark,  that  a  cubic 
metre  of  steam,  at  a  pressure  equal  to  3|  atmospheres,  weighs  1-8518 
kilog. ;  and  at  a  pressure  of  4  atmospheres,  it  weighs  2-0291  kilog. 

Now,  although  we  have  supposed  the  pressure  in  the  cylinder 
to  be  3h  atmospheres,  we,  nevertheless,  allow  that  it  will  be  con- 
siderably more  in  the  boiler,  to  compensate  for  the  leakage  in  the 
valve-casing,  passages,  and  valves. 

Taking  4  atmospheres  as  the  pressure  in  the  boiler,  it  will  be 
found  that  the  weight  of  «team  expended  for  each  single  stroke  of 
the  piston  is — 
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CONICAL   PENDULUM,   OR   CENTRIFUGAL  GOVERNOR. 

The  centrifugal  ball-governor  is  compared,  in  physics,  to  a 
simple  pendulum,  the  length  of  which  is  equal  to  the  distance  of 
the  point  of  suspension  from  the  horizontal  plane  passing  through 
the  centres  of  the  balls ;  and  the  duration  of  an  entire  revolution  of 
the  ball-governor  is  equal  to  that  of  a  complete  oscillation  of  the 
pendulum. 

The  formula  for  determining  the  vertical  height  or  the  distance 
of  the  point  of  suspension  above  the  plane  of  the  balls  is,  conse- 
quently, the  same  as  that  employed  to  find  the  width  of  a  pendu- 
lum, of  which  we  know  the  number  of  oscillations.  It  may  be 
reduced  to  the  following  rule  :— 

Rule. — Divide  the  constant  number,  89,478,  by  the  square  of 
the  number  of  revolutions  per  minute.  The  quotient  will  give  the 
height  in  centimetres. 

Example. — What  is  the  vertical  height  or  distance  of  the  point 
of  attachment,  from  the  horizoutal  plane  passing  through  the 
centres  of  the  balls  of  a  governor,  revolving  at  the  rate  of  40  turns 
per  minute  ? 

We  have  40'  =   1600, 

and  89478  -h-  1G00  =  5G  centimetres, 

for  the  height  sought.  ■ 

With  this  rule,  it  will  be  easy  for  us  to  calculate  the  heights  of 
conical  pendulums,  from  the  velocity  of  25  revolutions  per  minute, 
to  that  of  67  ;  and  within  these  will  be  found  the  rates  of  combi- 
nations more  generally  met  with  in  practice.  We  have  given 
them  in  the  following  table,  adding  a  column,  which  gives  the 
difference  in  height  for  each  revolution.  And  as  the  angle  which 
the  arms  of  the  governor  make  with  the  spindle  is  generally  one 
of  30°,  when  the  balls  are  in  a  state  of  repose,  or  are  going  at 
their  minimum  velocity,  we  have  given,  in  the  fifth  column  of  the 
table,  the  lengths  of  these  arms,  from  their  point  of  suspension  to 
the  centres  of  the  balls,  assuming  the  angle  of  30°,  and  making 
them  to  correspond  with  the  number  of  revolutions  given  in  the 
first  column. 

In  calculating  the  lengths  of  the  arms,  we  have  employed  the 
following  practical  rule : — 

Rule. — Divide  the  constant  number,  103,320,  by  the  square  of 
the  number  of  revolutions  per  minute,  and  the  quotient  ivill  be  the 
length  in  centimetres. 

Example. — Assuming  the  angle  to  be  30°,  what  should  be  the 
length  of  the  arms  of  a  conical  pendulum,  making  37  revolutions 
per  minute  ? 

We  have  37s  =  1369. 

10-3320 
Then —  =  75-46  centimetres, 

lo69 

for  the  length  of  the  arms  of  the  pendulum,  or  the  diameter  of  the 

circle  described  by  the  balls. 

It  is  evident,  that  if,  on  the  other  hand,  the  length  of  the  arms, 
with  this  angle  of  30°,  is  known,  the  number  of  revolutions  which 
the  balls  make  in  a  minute,  will  be  found  by  dividing  the  number, 
103,320,  by  the  length  of  the  arms  expressed  in  centimetres,  and  then 
extracting  the  square  root  of  the  quotient. 

The  weight  of  the  balls,  according  to  the  resistance  they  have 
to  encounter,  is  as  important  to  determine  as  the  length  of  their 


suspending-arms,  in  order  that  the  governing  action  of  the  pen- 
dulum may  be  sufficiently  powerful  and  quick.  It  often  happens, 
in  badly  designed  engines,  that  the  governor  produces  no  effect, 
because  the  length  of  the  suspending-arms  is  not  proportionate  to 
the  velocity,  or  because  the  weight  of  the  balls  is  not  proportionate 
to  the  resistance  to  be  overcome. 

We  have  considered  that  it  would  be  a  great  convenience  to 
engineers  and  artisans  to  possess  a  table,  showing  at  sight  the 
velocities  and  corresponding  lengths,  for  the  conical  pendulums,  or 
ball-governors,  generally  employed  in  steam-engines,  so  as  to 
enable  them  to  determine  with  certainty  the  exact  proportions  to 
be  given  them,  in  relation  to  their  spindles  and  driving-gear. 
When  these  points  are  determined,  the  weights  of  the  balls  may 
be  easily  adjusted. 

TABLE  RELATIVE  TO  TIIE  DIMENSIONS  OF  THE  ARMS  AND  TO 
THE  VELOCITIES  OF  THE  BALLS  OF  THE  CONICAL  PENDULUM 
OR  CENTRIFUGAL  GOVERNOR. 


Number  of 

Square  of  the 
VelociUes. 

Length  of 

Difference  of 

Length  of  Arms 

Revolutions 

Pendulum  in 

Length  for  one 

with  an  Angle 

per  Minute. 

Centimetres. 

Revolution. 

of  30°. 

Cent. 

Mill. 

Cent. 

25 

625 

143-1 

108 
96 
86 
77 
70 
G3 
57 
52 
48 
44 
40 
37 
34 
31 
29 

16 

26 

676 

132-4 

153 

27 

729 

122-7 

142 

28 

784 

114-1 

132 

29 

841 

106-4 

123 

30 

900 

99  4 

115 

31 

961 

931 

107 

32 

1024 

87-3 

101 

33 

1089 

82-1 

95 

34 

1156 

77-4 

89 

35 

1225 

73-0 

84 

36 

1296 

690   . 

80 

37 

1369 

65-3 

75 

38 

1444 

61-9 

71 

39 

1521 

58-8 

68 

40 

1600 

55-9 

27 

64 

41 

1681 

53-2 

25 

61 

42 

1764 

50-7 

23 
22 
20 

58 

43 

1849 

48-4 

56 

44 

1936 

46-2 

53 

45 

2025 

44-2 

19 

51 

46 

2116 

42-3 

18 
17 
16 

49 

47 

2209 

40-5 

47 

48 

2304 

38  8 

45 

49 

2401 

37-3 

15 

14 

43 

50 

2500 

35-8 

41 

51 

2601 

34-4 

13 
12 

12 
11 
10 

40 

52 

2704 

33-1 

38 

53 

2809 

31-8 

37 

54 

2916 

30-7 

33 

55 

3025 

29-6 

34 

56 

3136 

28-5 

10 

35 

67 

3249 

27-5 

9 

32 

58 

3364 

26-6 

9 

31 

59 

3481 

25-7 

8 

30 

60 

3600 

24-8 

8 

29 

61 

3721 

24-8 

8 

28 

62 

3844 

23-3 

7 

27 

63 

3969 

22-5 

7 

26 

64 

4096 

21-9 

7 

25 

65 

4225 

21-2 

6 
6 
6 

24 

66 

4356 

20-5 

24 

67 

4489 

19-9 

23 

68 

4624 

19-3 

23 

Note. — 'With  an  angle  of  30°,  the  centrifugal  force  is  the  same  for  all 
lengths  of  pendulum. 

This  table  may  also  be  consulted  in  the  case  of  single-armed  pendulums, 
which  are  occasionally  employed,  instead  of  centrifugal  governors. 
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CHAPTEB  XI. 
OBLIQUE    PROJECTIONS. 

aiti.ica  i 


410.  In  geometrical  drawl:  i  which 

represented,  u  .is  to  bo 

parallel  to  the  faces  of  such  objects;  from  which  it  foil 

bapet  nnd  dimension*.     It  is 
machine 
or  apparatus  to  be  drawn,  an  jardtotheotl 

»o  that    all   the   surf,  parallel    to   tin-   g netricil 

plane*.  :>.«  of  the   incline  1  parts  arc  oblique,  and, 

consequently,  are  seen  m  fori 

The  l-  ns  is  evidently  appli- 

cable to  the  delineation  of  oblique  projections.      It   is,  h 
necessar  ti  u  if  penile]  to  U 

of  the  drawing,  so  as  to  obtain  the  exact  proportions  end  dimen- 
loh  views  being  auxiliary  to  the  prodaction  of  the  oblique 
'  it  ions. 

Thai    [|   i-  proposed   to  represent  ■  hexagonal!] 
-  ■  six-aided  nut,  the  edges  of  which  are  inclined  to  both 
■ontal  and  vertical  )  ! 

placed  with  it? 
base  parallel  to  an  auxiliary  hm ieontal  plane,  represented  by  the 
the  regular  hexagon,  a  ■'■  i  d  i  / 
If  we  w.re  to  make  the  vertical  projection  of  this  prism  on  ■ 
parallel  to  oni  hould,  ill 

this  second  auxiliary   plan. 
n  D  e  </. 

traight  line,  I. '  t'.  fig.  .'!.  indicates  the  line  of  intersection 
of  these  two  auxiliary  planes,  when  placed  in  their  actual  | 

the  nut ;  and  it  is.  therefore,  the  base  line  of  the 
two  projections.      This  lino  forms,  wo  shall   snpp 
i.  "  i .'.  with  the  base  lino  of  the  actual  drawing  in   hand,  which 
Me  the  amount  of  inclination  of  the  top  and 
prism,  with  the  actual  horicontal  plane;  whilst  the 
j  the  perpendiculars,  drawn  to  each  of  the 
the  amount  of  inclin 
-  and  axis  of  the  prism  with  regard  to  the  vertical  plane. 
Aft.  r  t!.i»,  it  .  in  order  to  obtain  thi 

I  ti  u  of  the  point,  o,  on  the 
or '/".  nod  bg  or  eg,  derivt 
ndieolan  to  the  lini 

.  limiting  th.  in  by  tie  ; 

;  the  prism,  ai  i ; 

as  eh.     Wh  ..r  the  nul  is 

i 
the  case,  as  ah. 

■ 


./,  which  pa 
the  xcrtical  heights  or  distances  of  the  varioi 
the  horizontal  plane. 
To  thi  I  any  of  the  ] 

'    drew  a 
couple  of  horizontal  lines,  cutting  the  vertical  in  e  and  ■  '".     The 

ration  is  pi  rformi  i  •■ 
which  are  projected  in  I 

therefore,  in  drawii  -  through  each  of  the 

fig.  1,  and  horixonl  .1  lini  -  through  tl 
point.-  in  liu'.  -.      The  intersections  I  •  ivc  the  projec- 

tremitiee  of  each  of  tl  the  oblique  view, 

fig.  4. 

[f  it  i-  wished  to  obtain  thi  if  the  circular  outlines 

with  minute  exactness,  it  will 

intt  iii  each  arc ;  and  as  we  have  the  extn  I 
wc  only  require  now  to  find  the  middle  of  each.      It   i-  the  same 
f.>r  the  circle  representing  th  I  the  nut.     Its 

oblique  projection  is  necessarily  an  ellipse,  the  proportions  of 
which  an  obtained  by  the  projection  of  thi 
pellicular  to  one  another,   one  of  which,  m  n,  is  parallel  to  the 
plane,  and  does  not  alter  in  magnitude;  consequently, 
giving  thi  s,  whilst  the  other  is  inclined 

and  foreshortened,  an  1 

421.  In  general,  the  oblique  projection  of  any  circle  i*  always 
an  ellipee,  the  transverse  axis  of  which  is  equal  to  the  actual 
diameter  of  the  circle,  whilst  the  conjugate  axis  i-  variable,  accord- 

inclination  or  angle  which  the  plana  of  tl 
with  one  of  the  planes  of  projection.      The  application   of  this 
principle  will  he  seen  in  tigs.  6,  6,  and  7.      The  two  tir.-l    • 

represent    the  horizontal    and   vert  U    made 

upon  the  auxiliary  planes  of  I  portion  of  the  cylindrical  rod,  v.  of 

n,  n.  working  hi  the  team-cylinder,  <■;  and 

the  last,  fig.  7.  is  the  oblique  projei  don  of  this  part  of  thi 

rod  upon  the  vertical  |  I  nding  to  that  I 

It  will  he  remarked,  thai  the  upper  part  of  the  fragment  of  the 

rod  being  limited  bj  *  plane,  '■•■'.  perpendicular  to  it-  avis,  i-  pr.. 

an  ■  Uipse,  the  transverse  axis,  /"/.  of  which  i-  • 
/.•  /.  whilst  its  o  equal  to  the  projection  of  this 

line.  /.-  /.  on  fig.  7.     The  cylindrical  fillets,  r  *.  i  ».  e\c,  of  this  rod, 
.  ai  similar  ellipses,  of  which  portions  only 
or  riii:.*.  whii  h 

dtsfrom 
of  an  elliptical  cylinder,  thi  of  which 

tal  t  tO   the  external   Mirfai  e   of  thi 

:  mine  this  curve  with  gfl 

we  inn-:  :  adopted  in  determining  the 

ir  j   i  .;  tb    exl  mal  surface  of  the  torus  fSSSV     Ln 
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practice,  however,  when  the  drawing  is  on  but  a  small  scale,  we 
may  content  ourselves  with  determining  the  principal  points  in 
the  curve,  by  projecting  first  the  point,  r;  situated  upon  the  middle 
of  the  diameter,  y  y,  of  the  torus,  and  drawing  through  it  the  line, 
vx  v°,  equal  to  the  diameter;  and,  secondly,  drawing  the  horizontal 
lines  touching  the  external  contour  of  the  torus  in  the  points,  z,  z', 
fig.  6,  over  to  z2,  z3,  upon  the  axial  line,  V  o,  fig.  7  ;  then  draw  an 
ellipse  with  these  two  lines,  vx  ir  and  z2  z3,  for  the  transverse  and 
conjugate  axes  respectively.  The  key,  D,  which  passes  through 
the  rod,  A,  being  rectangular  in  section,  is  projected  in  fig.  7,  by 
a  couple  of  rectangles,  as  indicated  by  the  dotted  projection  lines. 
422.  Proceeding  upon  these  principles,  we  can  make  oblique 
projections,  in  a  very  simple  manner,  of  various  objects,  more  or 
less  complicated  in  form,  when  we  have  already  the  projections  of 
these  objects  upon  auxiliary  planes,  making  any  known  angle  with 
the  actual  plane  of  the  drawing.  Thus,  figs.  10  and  13  are  the 
oblique  projections  of  an  oscillating  steam-cylinder,  the  first  repre- 
senting the  cylinder  in  external  elevation,  whilst  the  second  is  a 
section  made  through  the  axis  of  the  cylinder. 

It  is  easy  to  see  that  these  projections  have  been  obtained  in 
the  same  manner  as  those  already  given  in  figs.  4  and  7  ;  that  is  to 
say,  the  external  projection,  fig.  10,  is  derived  from  the  two  right 
projections,  figs.  8  and  9 — one  made  upon  an  auxiliary  vertical 
plane,  parallel  to  the  axis  of  the  piston-rod,  and  perpendicular  to 
the  axial  lines  of  the  trunnions,  and  the  other  upon  a  horizontal 
plane,  parallel  to  the  cylinder  ends,  and,  consequently,  perpendi- 
cular to  its  axis.  All  the  different  parts  of  this  cylinder  are,  in 
fig.  10,  projected  by  straight  lines  and  ellipses,  accordingly  as  they 
are  rectilinear  or  circular  in  contour.  It  is  the  same  with  the 
section,  fig.  13,  and  the  horizontal  projection,  fig.  14,  which  are 
derived  from  the  two  right  projections,  figs.  11  and  12,  made  upon 
auxiliary  planes;  one  vertical,  and  passing  through  the  axis  of  the 
cylinder,  and  through  the  valve-casing,  whilst  the  other  is  perpen- 
dicular to  this  axis,  and  passes  through  the  line,  1 — 2,  fig.  11. 
The  dotted  working  lines,  indicated  upon  the  various  figures,  show 
sufficiently  clearly  the  various  constructions  necessary  to  obtain 
these  oblique  projections.  We  have,  moreover,  applied  numbers 
to  the  different  parts  projected,  and  more  particularly  to  the  axes 
or  centre  lines,  which  show  at  sight  what  parts  correspond  with 
each  other  upon  the  different  projections. 

423.  These  drawings  represent  the  cylinder  of  a  steam-engine, 


different  from  that  which  we  have  already  described.  The  pre- 
sent one  is  called  an  oscillating  steam-engine,  because,  instead  of 
the  cylinder  being  vertical  and  immovable,  it  oscillates  during  the 
motion  of  its  piston,  n,  upon  the  two  trunnions,  E,  carried  in  suit- 
able bearings  in  the  engine-framing.  This  arrangement  of  oscil- 
lating cylinder  has  the  advantage  of  dispensing  with  the  parallel 
motion,  and  of  attaching  the  rod,  A,  of  the  piston,  directly  to 
the  crank-pin,  to  which  its  motion  is  transmitted,  without  the 
intervention  of  any  connecting-rod.  In  the  head,  H,  of  the 
rod,  there  is,  consequently,  formed  a  bearing,  which  embraces  the 
crank-pin. 

The  bottom  of  the  cylinder  is  cast  in  the  same  piece  with  it,  but 
it  has  a  small  central  opening,  for  the  passage  of  the  spindle  of  the 
boring  tool,  by  means  of  which  the  interior  of  the  cylinder  is 
turned  smooth  and  true.  This  opening  is  closed  by  a  cast-iron 
cap,  F,  bolted  to  the  bottom  of  the  cylinder.  Against  a  planed 
face,  upon  one  side  of  the  cylinder,  is  fitted  the  valve-casing,  o, 
which  receives  the  steam  direct  from  the  boiler,  and  has  within  it 
the  valve,  H,  which  has  an  alternate  rectilinear  movement,  at  the 
same  time  oscillating  along  with  the  cyliuder.  During  this 
movement,  the  valve  alternately  uncovers  the  ports,  a,b,  fig.  11, 
which  conduct  the  steam  to  the  top  and  bottom  of  the  cylinder. 
A  blade  spring,  I,  attached  to  the  inside  of  the  valve-casing,  at  the 
back  of  the  valve,  constantly  keeps  the  latter  well  up  against  the 
planed  valve  face. 

The  steam  coming  from  the  boiler  introduces  itself  into  the 
casing  through  the  passage,  c,  fig.  12,  which  communicates  with 
one  of  the  trunnions,  e,  and  the  escape  of  the  steam,  when  it  has 
acted  upon  the  piston,  is  effected  through  the  exit  channel,  d, 
which  communicates  with  the  other  trunnion. 

The  piston,  B,  is  composed  of  a  cast-iron  body,  on  the  outer  sur- 
face of  which  is  cut  out  a  groove,  to  receive  the  hempen  packing, 
i,  partly  covered  by  an  elastic  metal  ring,  h,  coinciding  exactly 
with  the  inside  of  the  cylinder. 

Oscillating  cylinder-engines  have  always  been  admired  for  their 
simplicity  and  beautiful  action;  but  it  is  only  of  late  years,  and 
now  that  such  superior  workmanship  is  attainable,  that  such  en- 
gines have  been  constructed  of  considerable  size.  The  aptness  of 
this  arrangement  for  engines  of  the  largest  size  has  lately  been 
demonstrated  by  Penn,  in  the  case  of  the  Great  Britain,  and  other 
large  vessels. 


CHAPTER  XII. 
PARALLEL    PERSPECTIVE. 

PRINCIPLES  AND   APPLICATIONS. 
PLATE  XLII. 


424.  We  give  the  name  of  parallel  perspective  to  the  represen- 
tation of  objects  by  oblique  projections,  which  differ  from  the 
preceding,  in  so  far  that  the  visual  rays,  which  we  have  hitherto 
supposed  to  be  always  perpendicular  to  the  geometrical  planes, 
form,  on  the  contrary,  a  certain  angle  with  these  planes,  remain- 


ing, however,  constantly  parallel  to  each  other ;  from  which  it 
follows,  that  all  the  straight  lines,  which  are  parallel  in  the  object, 
maintain  their  parallelism  in  the  picture,  according  to  this  system 
of  perspective.  Although,  in  general,  it  is  immaterial  what  the 
angle  of  inclination   is,  it,  is  nevertheless  preferable,  in  regular 
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I  pt  lome  particular  angle  as  a  matter  of  OM  ■ 

-ions  of 

and  2,  be  the  two  projection*  of  a 
straight  Una,  to  which  we  with  to  ni:.'  cys  all  parallel ; 

a  li,  of  thi» 
cat,»  i  line,  I.  T,  whi 

equal  t  that  the 

distance  of  thi  >.  where  it  toe 

isl  to  twice  the  length,  a  B,  of  it* 
D,  being  that  at  which  it  touches  the  vertical 
plane. 

U  '  i  :  !     :  "an8  °f  tne  various  figures  in 

.  1.11.,  tint,  in  taking  the  above  itraight  lini  • 
for  tin-  \i-ual   rays,   a 

of  HKikiiiLT  the 
directri 

with  the  actual  pro  bicfa  we 

haveju-- 

of  these  same  lines  round  at  an  angle  of  30°.     Thus,  t 1 
t  if,  i  T.  fig.  3,  are  the  straight  lines  perpendicular  to  the  planes 
I   to  the  angle  in  question;  whDat,  on  tin- 
contrary,  the  straight  line,     ,  gtion  of  these 
party  parallel  to  the  horizontal  projection,  a'  I:',  in  li;.  'J. 

:i'>n  in  jKirtilltl, 

or,  as  it  is  S"n  ■  ctive,  of  a  prism,  r. 

with  a  square  base,  resting  upon  a  plinth,  r,  al-o  prism-shaped 

ire.      In  the  lir.-t  place,  we  nppoM  this  prism  to  be  re- 

I   in    the    h>  :.  n.    fig.  3,   by  two  eoiiccntric 

'and  h'  i'  k  /;  and  in  the  vertical  projection,  fig.  4. 

by  the  rectangles,  abc  d  ami  </  h  ij.     These  projections  are  made 

supposition,  hitherto  acted  upon,  that  the  visual  rays  are 

mes. 

•  ry.   the  visual  rays  make  with  the  planes 

..  D  straight  line,  figs. 

1  and  2,  each  of  the  faces  parallel  to  the  \  utilities 

to  be  parallel  to  1 1 « i  —  pi 

!.il«t  all  the  l  I  'ar  to  the  two  planes  are  in 

lique,  in  inch  a  manner,  that  the  lines  hori- 

i ne  parallel  to  A'  |i',  li_-    2  ;  an  1  thOM  vcrti- 

cally  projected,  to  a  a,  fig   1.      Conteqnently,  if  throngh  the 

■"lis  of  all  the 
alar    t>.  the    \.rti.al    plane.      Since   then,  as  we 
A  i\   li,-.  1.  is 
nu-lialt"  the  |  J,  if  fruin  t! 

n.li.i.j,  and  on  i  then,  we  meecurt  off,  npon  the 

OOlique  I  and  of,  h  If  aiel  It  V, 

it ,  aii'l  .-  ,„  W1(j 

tit  ion  of 

the  ration  sir ,  ,:ie;  ttnj 

as  all  thi  ,  lmes  as 

Ileal    are   r.  J  .  Ml-t    all    lines 

in  tin'  panlli  I  pet 

<'■;  and   Ukl 


edges,  a, I.  I-  r,  h  i',  .Vc,  which  are  parallel  to  both  pbuies  of  pro- 

straight  lines,  a*  if,  V  c5,  l>  ■ 
parallel  to  the  base  line. 

It  will  be  easily  seen,  tliat  by  adopting  the  angle  we  ha  • 
cat ed  for  the  direction  of  the  visual,  or  mora  correctly  termed, 
•  tative  ray,  thai 

make  known  all  the  dimensions  of  tl 

on  the  one  band,  we  have  the  exact  widths  and  heights  of  those 

faces  which  are  para!!  .-  if  the 

i  from   an  ordinary  g 

in  srhieh  th«  representative  rays  arc  supposed  U 

pcinlicular  to  the  plam  inclines 

•  !;es  actually  perpendicular   I 
plane,  and  which  are  exactly  equal  to  lull"  the  actual  h  I 

tile  1  .." 

iv  here  observe,  tliat  the  base  of  t!  |  square, 

-.  k'  I  and  i"  L;  arc  equal  to  t! 
qnently,  in  ord 

tion,  fig.  4,   tl.  it  would  lixve 

I  iually  well  to  have  made  the  lines,  <P  £  or 
i*  /."',  equal  to  the  half  of  <i  d  or  A  i. 

|  resents  a  frustum  of  a 
pyramid.  0,  ratting  upon  an  octagonal  base,  n,  tin  horiaoota]  pro- 
Qeaied  in  full,  sharp  i  and  the 

vertical  projection  in  d  fig.  G. 

According  to  the  principle  thus  laid  dowi 
is  obtained,   in  the  tir^t  place,   by  draw  in.-  all  the  lines  which  are 
icnlat  and  parallel  to  the  base  line,   fig.  0,  and  passing 
through  the  opposite  angil  s  of  each  of  the  octag' -i. 
the  npper  and  lower  bases  of  the  pyramidal  frustum,  and  of  the 
plinth.     Of  these  line-,  all.  ..■  ich  arc  parallel 

to   tin    base  line,  as  well  as  the  si'!  !. ich  are 

I  to  the  former,  r.  main  horii 
view,  ti  ■  the  other  hand,  all  the  straight  Ha 

. .  as  well  as  t  .  V  /',  f  k'.  which  arc 

perpendicnlar  to  the  ba 

from   this  line,  as   in  fig.  6,  or,  in  I  parallel  to  the 

itraighl  line,  a  B,  fig,  1. 

If  now,  tlir. 
of  thl  Iwo  bases  of  the  pyramidal  fruslrum,  we  draw  pal 
the  straight  line  in  qmsti..n.  and  than  mark  off  from  each  of  those 
ind  "ii  each  side  of  thi  m,  the  di-t  in  pjr*,  h  If, 

iv,    i  qu.il  to  t! 
straight  1  pantllcl- 

ntly,  by 

joining  the  extreme  point*  of  each  of  them,  we  shall  also  have  all 

i lie  contours  of  the  two  bases;  and  further, 

by  joining  the  at  d  faces, 

4J7.    i  i"  a  cylindrical 

i   nidi  plane,  aa 
in    the    1  :!iout  the 

assistan  .  thai  is,  whi  n  the  1 

the  cylinder  is  known,  as  well  as  that  of  any  other  part  which 

the  vertical  projection  of  this  object, 
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the  perspective  of  its  base,  abed,  will  be  parallel  to  a  b.  The 
circles  which  have  their  centres  at  o,  being  parallel  to  the  vertical 
plane,  are  represented  in  perspective  by  two  circles  equal  to  them- 
selves; and  their  position  is  obtained  by  drawing  through  the 
point,  o,  the  straight  line,  o1  o',  parallel  to  A  B,  fig.  1,  and  marking 
off  a  distance,  lying  equally  on  both  sides  of  the  point,  o,  equal  to 
half  the  length  of  the  cylinder,  measured  in  the  direction  of  the 
axis,  perpendicular  to  the  vertical  plane.  Then  with  the  points, 
o1,  o",  as  centres,  describe  the  circles  with  the  equal  radii,  o'f  and 
o'  i',  straight  lines,  /'  f'  and  i1  r,  drawn  tangential  to  the  circles, 
and  parallel  to  the  axis,  o'  o2,  express  in  perspective  the  genera- 
trices of  the  two  cylinders  forming  the  contour  of  the  object. 
The  cylindrical  pieces  which  join  the  cylinder  to  the  base  are 
determined  in  the  same  manner  by  means  of  the  line,  n  n",  drawn 
through  the  centre,  n,  of  the  circle,  d  g,  parallel  to  o1  o2,  and  by 
the  distances,  n  ri,  n  n2,  together  equal  to  half  the  actual  length  of 
these  cylindrical  surfaces.  The  base  is  drawn  as  in  the  preceding 
example. 

428.  The  example,  fig.  E),  represents  a  cone  resting  upon  a 
cylindrical  base,  both  cone  and  base  having  the  same  axis  perpen- 
dicular to  the  horizontal  plane.  This  cone  and  cylinder  are  pro- 
jected on  the  plan,  fig.  8,  in  sharp  lines,  and  in  the  elevation,  fig.  9, 
in  dotted  lines. 

The  circles,  fig.  8,  representing  the  bases  of  the  cone  and  cylin- 
der, are  to  be  divided  into  a  certain  number  of  equal  parts ;  and 
through  the  points  of  division,  1,  2,  3,  &c,  perpendiculars  are 
drawn  to  the  ground  line,  and  are  prolonged  as  far  as  the  horizon- 
tal line,  a'o',  which  is  the  vertical  projection  of  the  two  bases. 
Through  the  points,  a',  V,  c',  o',  are  drawn  straight  lines  parallel 
to  a  B,  fig.  1 ;  and  on  each  of  these  are  set  off  the  distances,  a'  2', 
V  3',  c'  4',  o'  5',  &c,  respectively  equal  to  half  the  lengths  of  the 
perpeudiculars,  2a,  3  6,  4  c,  bo,  &c,  which  operation  gives  the 
points,  2',  3',  4',  5',  &c,  through  which  an  ellipse  must  be  traced, 
to  represent  the  perspective  of  the  base  of  the  cylinder.  In  the 
same  manner  we  obtain  the  points  through  which  passes  the 
ellipse,  representing  the  perspective  of  the  base  of  the  cone. 

The  heights  of  the  cone  and  its  base  remain  precisely  what  they 
really  are,  in  consequence  of  their  common  axis  being  parallel  to 
the  vertical  plane;  but  this  is  not  the  case  with  their  bases,  which, 
being  horizontal,  are  projected  obliquely,  in  the  form  of  the  ellipses 
we  have  just  drawn.  The  apex  of  the  cone,  at  the  upper  ex- 
tremity of  the  vertical  axis,  does  not  change,  and  for  the  genera- 
trices, or  sides  of  the  cone,  it  is  simply  necessary  to  draw  through 
the  apex  the  straight  lines,  o2  m  and  o2  n,  tangents  to  the  ellipse 
representing  the  base  of  the  cone,  whilst  the  generatrices  of  the 
cylinder  are  tangents  to  the  two  ellipses  representing  its  upper 
and  lower  bases. 

429.  The  example,  fig.  1,  is  the  parallel-perspective  represen- 
tation of  a  metal  sphere  or  knob,  attached  to  a  polygonal  base,  by 
a  circular  gorge,  forming  altogether  an  ornamental  head  for  a 
screw.  Figs.  10  and  11  are  the  horizontal  and  vertical  projections 
of  this  piece. 

We  must,  in  the  first  place,  remark  that  the  sphere,  the  radius 
of  which  is  o  a,  may  be  determined  in  its  perspective  representa- 
tion in  several  ways.  First,  by  imagining  the  horizontal  sections, 
a b,  cd,  ef,  which  give  in  plan  the  circles,  with  the  radii,  a'o', 


c'  o',  and  c'  o',  and  the  perspectives  of  each  of  these  circles  maybe 
obtained  by  operations  similar  to  the  preceding,  which  will  give  a 
series  of  ellipses,  to  be  circumscribed  by  another  ellipse,  tangential 
to  them  all.  Second,  by  drawing  the  planes,  g  h,  ij,  parallel  to 
the  vertical  plane,  and  which  are  projected  in  perspective  as  circles, 
with  the  radii,  V  g,  im,  the  centres  being  upon  the  oblique  line, 
n  ri,  parallel  to  the  line,  A  B,  fig.  1,  and  passing  through  the  centre, 
o,  of  the  sphere.  The  external  curve,  drawn  tangential  to  all 
these  circles,  will  be  elliptical,  as  in  the  preceding  method,  and 
represent  the  perspective  of  the  sphere.  Thirdly,  by  at  first 
drawing  through  the  centre,  o,  an  oblique  line,  n  ri ;  then  a  per- 
pendicular, e  <?",  passing  through  the  same  point.  Then  set  out 
from  the  centre,  o,  and  on  each  side,  the  distances,  oe,o  e",  equal 
to  the  radius,  o  a,  of  the  sphere,  which  gives  the  conjugate  axis  of 
the  ellipse.  To  obtain  the  transverse  axis,  it  will  be  necessary  to 
draw  tangents  to  the  great  circle  of  the  sphere,  parallel  to  the 
oblique  ray  of  projection,  A  B,  fig.  1,  as  brought  into  the  vertical 
plane.  This  line  is  brought  into  the  vertical  plane,  as  at  a"  b,  in 
the  following  manner  : — At  the  point,  A,  a  perpendicular  to  A  B  is 
erected,  and  the  distance,  a"  a,  is  made  equal  to  A  a',  when  a"  b 
is  joined. 

These  tangents  touch  the  sphere  in  the  points,  /,/",  which  may 
be  obtained  directly  by  drawing  through  the  centre,  o,  the  line,//', 
perpendicular  to  a"  b.  These  tangents,  further,  meet  the  line,  n  ri, 
in  the  points,  n,  ri ;  and  the  distance  between  these  points  is,  con- 
sequently, the  transverse  axis  of  the  ellipse,  which  represents  the 
perspective  of  the  sphere,  and  which  may  be  drawn  according  to 
any  of  the  known  methods. 

This  last  method  is  evidently  the  shortest  and  simplest  of  the 
three  for  obtaining  the  perspective  of  the  sphere,  but  it  is  confined 
in  its  application  for  any  other  surface  of  revolution,  as,  for  ex- 
ample, the  gorge,  which  unites  the  sphere  to  the  hexagonal  base, 
cannot  be  defined  in  this  way.  In  cases  where  the  axis  of  the 
surface  of  revolution  is  vertical,  as  in  this  example,  it  will  be 
necessary  to  adopt  the  first  general  method,  which  consists  in 
taking  horizontal  sections.  When,  on  the  other  hand,  the  axis  of 
the  surface  of  revolution  is  horizontal,  we  must  employ  the  second 
process,  which  consists  in  taking  sections  parallel  to  the.  vertical 
plane,  or  perpendicular  to  the  axis.  The  perspective  of  the 
thread  of  the  screw,  of  which  the  sphere  is  the  ornamental  head, 
is  determinable  in  a  manner  analogous  to  that  of  a  circle.  It  is 
sufficient,  in  fact,  first  to  draw  the  two  geometrical  projections, 
figs.  8  and  12,  of  one  or  two  convolutious  of  the  thread,  and  to 
find  the  perspectives  of  the  very  points  which  have  served  for  the 
construction  of  the  helices.     Thus,  for  example,  we  put  the  circle, 

I  p  q,  fig.  8,  into  perspective,  as  at  V  p*  5*,  fig.  13,  retaining  for 
this  purpose  the  same  points,  l,p,  q,  &c,  which  were  employed 
in  delineating  the  screw,  fig.  12.  Through  these  points,  P,  pi,  qA, 
&c,  draw  vertical  lines  ;  and  upon  them  set  off  the  distances,  /'  p, 

II  I3,  p1  p2,  &c.  Then  through  the  points,  P,  Is,  &c,  draw  the 
curve,  which  will  be  the  perspective  of  the  outer  helix  of  the 
screw-thread.  By  going  through  the  same  operation  for  the 
inner  circle,  r  s  t,  fig.  10,  we  shall  obtain  the  similarly  perspective 
outline  of  the  inner  helix. 

An  examination  of  fig.  13  will  further  show  that  the  heights  on 
I    the  vertical  lines  are  precisely  the  same  for  both  helices,  for  they 
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•re  taken  upon  radii  common  to  tbe  two  circle*,  T;>*  and  rtl, 
considered  u  base*. 

>ve  deemed  it  unnecessary  I 
:;I  of  this  species  of  | 

application  in  the  1 

■ 

all  tin-  linmriwi 

■ 

In  that  example,  as  well  as  in  the  figures  in  Plata  XI.1I.,  which 

Ij  in.-,  wo  h.i\  ■■  ntativc 


I  ..t  an  angle  of  30*  with  the  ground  line  in  the  vertical  pro- 
im  ►•.i'li  a  manner  that  a  tii  res*  all 

■ 
I  also  whatever 
I  ;'ace. 

It      Wl 

I  of  the  actual 
ntation 
than  a  i>erie»  of 
in  many  cases  it  will 
ing  buildings  or  matl.. 


i  HAITI. K  XIII. 

TRUE    PERSPECTIVE. 

l'l:i\(  ll'l.r.S    AMI    MTI.Ii  ATl'iNS. — I  1.1  Ml' 

platb  am, 


-o  called — hut  here  defined  as  true 
or  ctac  •  litTcr-  from  parallel  Or  fa] 

..•led  upon  tli-  actual  manner  in  which  vision  takea 

thai  is,  that  i:  ther,  the 

:i  point.     An  Irawn  in 

.,•  when,  "ii  viewing  the  drawing  from  a  particular  point, 

'.-in-.,-  appearance  i"  the  01  a  aa  the 

i  similarly  viewed. 

Tlio  nana]  rays,  or  bnpraaaiona,  travel  from    I 

Dg  to  I  point  at  tl ye,  ami  forrnin 

of  rays.       '  -.1   by  a  tr.ins- 

-  diaphragm,  of  any  form  —then,  noting  tl 

from  the  various  parts   of  the   object   pierce   this 

diaphragm,  let  n  it  the  outline,  and  corn] 

t  shall  hare  th 
ii-ilt'.  modified,  as  they  may  1><\  by 
n.  form,  an. I  by  tin  ir  being  in  the  light  or  shade. 
•    bat  the  picture  upon 
«ill  make  the  tame  unpreaaion  upon  the  ■ 
Id  itself.     It  i«  to  thi 
i  ;  and  natural  manner,  tli.it  the  art  of  drawing  in  i 
• 

at,  to  which  the  ray-  ill,  1  the  point 

tire,  it  i«  shown, 
■ 
the  picture.      To  determine  the  |  lineation  of  an 

Ota!   and 
vertical  | 

a  of  the  pi  i  •  ire ;  and  the 

: 
rays  as  passing  from  tl 

■    and  to  find  the  mteneetion  with  the  plane 

(,f  the  | 


PIBST  PROBLEM. 

Tin  .    HOLLOW    I  l: 

431.  Lei  a  and  \ .  figa,  l  and  2,  : 

tbe  point  of  eight  beii  a  v  and  \  ,  and  the  | 

the  picture,  in  t  and  i  ndicular  to  the 

planes  of  projection,  and  vertii 

Through  the  point,  v.   in  hhl  n,  ilraw  visual 

rays  Cram  each  of  the  ] 

contour  of  the  prism.      The  i  rith  the 

:  the  picture  .  which 

give,  upon  the  horizontal  pr 

I  • 
In  like  manner,  through  the  point,  v  .  in  the  vi  rti 

of  the  picture  in  the  i  .'•  ■'""'  *  I  theee  last  being 

ntly,  the  rt  nic.il  pi 

As,  beeanaa  of  the  poeition  given  to  the  plane  of  the  |iicture, 

1  the  points  arc 

this  plane  aa  turned  orer  upon  tht  i 
the  drawing;  whilst  we  must  suppose  the  line,  i  •  •.  the 

plane,   as  turned  ahout  the 
is  a  centre,  through  aright  I     coincide 

with  the  ground  line,  i.  «.     When  this  is  done,  the  points 

!.  finally,  ,  oinoide  with  the 
Neat,  upon  du  -■•  laat 

i   through  the 
points.  ■ 
will  he  \. 


;  mi  t.ui 


:i 


j i 
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the  top  of  the  prism.  We  have,  likewise,  the  points,  e*  fl,  g,  h, 
for  the  perspectives  of  the  corners  of  the  bottom  of  the  prism, 
which  is  parallel  to  the  top ;  consequently,  by  joining  all  these 
points  together  in  couples,  as  indicated  in  fig.  th,  we  obtain  the 
entire  perspective  of  the  external  outline  of  the  prism.  As  the 
prism  is  hollow,  we  shall  see  in  the  perspective  view  the  outline, 
i'm'n'o',  corresponding  to  the  edges  of  the  part  hollowed  out. 

The  point  of  sight,  of  which  v  and  v'  are  the  geometrical  pro- 
jections, is  projected  upon  the  picture-plane  in  the  points,  v,  iP\ 
and  when  the  picture-plane  is  turned  over,  the  point  will  be  found 
at  v',  which  is  the  position  of  the  point  of  sight  upon  the  per- 
spective drawing. 

It  must  be  observed,  that  in  this  example  the  lines,  n4J4,  a1  el1, 
and  b*  c4,  which  express  the  perspective  of  the  corresponding  lines, 
ab,  ad,  and  b  c,  are  the  intersections  with  the  plane  of  the  picture, 
of  planes  passing  through  these  lines,  and  through  the  point  of 
sight.  Now,  since  the  intersection  of  two  planes  is  always  a 
straight  line,  the  following  conclusions  may  be  drawn ;  that, 

432.  First,  The  perspective  of  a  straight  line  upon  a  plane  is  a 
straight  line. 

It  may  also  be  remarked,  that  the  verticals,  such  as,  b*  e2,  c4  h, 
dlg,  are  the  perspectives  of  the  vertical  edges,  projected  in  the 
points,  b,  e,  d;  whence  we  deduce  that, 

433.  Secondly,  The  perspectives  of  vertical  lines  are  verticals, 
when  the  plane  of  the  picture  is  itself  vertical . 

It  will  further  be  seen,  that  the  horizontals,  &4c4,  diai,  e°h,f2g, 
of  the  perspective  view,  correspond  to  the  straight  lines  projected 
horizontally  in  b  c  and  dc,  which  are  parallel  to  the  picture; 
whence  it  may  be  gathered,  that, 

434.  Thirdly,  The  perspective  of  any  straight  horizontal  line, 
parallel  to  the  picture,  is  itself  horizontal. 

Further,  it  follows  from  the  two  preceding  principles,  that  all 
lines  parallel  to  the  plane  of  the  picture  are  represented,  in  per- 
spective, by  lines  parallel  to  themselves. 

Finally,  the  straight  lines,  a*64,  di  cl,  e2/2,  and  h  g,  which  all 
converge  to  the  same  point,  v",  the  projection  of  the  point  of  sight 
upon  the  plane  of  the  picture,  correspond  to  the  edges,  ab,  dc,  ef, 
which  are  horizontal,  but  perpendicular  to  the  plane  of  the  picture ; 
whence  it  follows,  that, 

435.  Fourthly,  The  perspectives  of  lines  which  are  horizontal,  hit 
perpendicular  to  the  plane  of  the  picture,  are  straight  lines,  which 
converge  to  the  point  of  sight,  and  are.  consequently  foreshortened. 

It  will  be  seen,  from  figs.  1  and  2,  that  the  whole  width  of  the 
perspective  representation,  fig.  £\,  is  comprised  between  the  points, 
IP  and  dp,  which  lie  on  the  outermost  visual  rays,  drawn  in  the 
horizontal  projection ;  and  that  its  height  is  limited  by  the  two 
points,  a''  and  e",  which  correspond  to  the  extreme  visual  rays  in 
the  vertical  projection.  The  angle  formed  by  the  extreme  visual 
rays  is  termed  the  optical  angle.  In  the  present  example,  this 
angle,  b~  v  dp,  in  the  horizontal  projection,  differs  from  the  angle, 
a"  v'  e",  in  the  vertical  projection. 

The  positions  of  the  object  and  point  of  sight  being  given,  the 
dimensions  of  the  perspective  representation  vary  according  to 
the  position  of  the  plane  of  the  picture.  It  will  thus  be  seen,  on 
referring  to  fig.  1,  that  if  this  plane  be  removed  from  T  t'  to  1 1', 
nearer  to  the  object,  the  limits  to  the  perspective  representation 


by  the  extreme  visual  rays  will  be  enlarged  ;  whilst,  on  the  con- 
trary, if  we  remove  the  plane  of  the  picture  to  the  position,  t"  t" 
nearer  to  the  point  of  sight,  the  limits  will  be  sensibly  narrowed. 

Again,  if,  in  place  of  moving  the  plane  of  the  picture,  the 
point  of  sight  is  removed  further  off,  or  brought  nearer  to,  the 
size  of  the  perspective  outline  will  thereby  be  augmented  or 
diminished.     It  may  therefore  be  concluded,  that, 

436.  Fifthly,  The  <li 'men sions  in  the  perspective  representation  do 
not  wholly  depend,  either  on  the  actual  size  of  the  object,  or  on  the 
distance  from  which  it  is  observed,  but  also  on  the  relative  distanci  s 
of  the  point  of  sight,  and  of  the  object  from  the  plane  of  the  picture. 

Thus  the  sides,  d  a  and  cb,  fig.  1,  are  actually  equal,  but  the 
former  is  further  from  the  plane  of  the  picture  than  the  latter ;  so 
that  whilst  this  is  represented  by  the  space,  c4  64,  fig.  ^\,  that  is 
limited  to  the  much  smaller  space,  d*  a*,  in  the  perspective  view. 


SECOND  PROBLEM. 

THE    PERSPECTIVE    OP   A   CYLINDER. 

Figures  3  and  4. 

437.  To  obtain  the  perspective  outline  of  a  vertical  cylinder, 
such  as  the  one  projected  horizontally  in  B,  fig.  4,  and  vertically 
in  b',  fig.  3,  we  proceed,  as  in  the  preceding  example,  to  draw 
through  the  point  of  sight,  v' v,  a  series  of  visual  rays,  extending 
to  the  various  points,  a,  b,  c,  d,  e,  taken  on  the  upper  end  of  the 
cylinder,  by  preference  at  equal  distances  apart.  These  lines  in- 
tersect the  plane,  T  t',  of  the  picture,  in  the  points,  dp,  c";  a";  g"-, 
&c,  in  the  horizontal  projection,  and  in  the  points,  a",  c",  d",  &c, 
in  the  vertical  projection. 

By  bringing  the  plane,  T  t',  of  the  picture,  into  that  of  the 
diagram  before  us,  or  what  is  equivalent  to  it,  by  finding  the  points, 
g3,  a3,  &c,  by  means  of  arcs,  drawn  with  the  centre,  o,  on  which 
the  plane  is  supposed  to  turn,  and  drawing  the  horizontal  lines 
through  the  corresponding  points  in  the  vertical  projection  of  the 
picture-plane,  we  obtain  the  points,  cl,  d\  a*,  </4,  &c,  which  are 
points  in  an  elliptic  curve  representing  the  top  of  the  cylinder  in 
perspective,  which  is  visible,  in  consequence  of  the  point  of  sight 
being  above  it. 

The  same  points,  a,  b,  c,  d,  of  the  horizontal  projection,  give,  in 
combination  with  their  vertical  projections,  g,  f",  c",  &c,  the 
perspectives,  d\  eP,f,  rf,  of  the  bottom  of  the  cylinder,  of  which, 
obviously,  only  a  part  is  visible. 

The  two  vertical  generatrices,  d*  d5,  <74  g5,  being  drawn  tangential 
to  the  upper  and  lower  ellipses,  complete  the  perspective  outline 
of  the  cylinder,  fig.  (§. 

As  this  cylinder  is  hollow,  an  operation  similar  to  the  preceding 
will  be  called  for  in  delineating  the  upper  visible  edge  of  the 
hollowed-out  portion. 

It  must  be  observed  that,  in  taking  an  even  number  of  divisions, 
at  equal  distances  apart,  upon  the  horizontal  projection  of  the 
cylinder,  and  setting  them  off  from  the  diameter,  eg,  parallel  to 
the  plane  of  the  picture,  we  have  always  a  couple  of  points  situated 
upon  the  same  perpendicular  to  the  plane,  and  of  which  the  per- 
spectives are,  consequently,  situated  on  the  same  straight  line, 
drawn  through  the  projection,  v",  of  the  point  of  sight.     This 
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occur*  wilh  the  points,  /■,  ■/.  I  of  which,  arc 

situate  i  M  that  we  have  a  meant  of  i 1 

■ustruction. 


THIRD  PKOBLBM. 

Tin:  IT'  "in  s  TBI   i 

ami  PUKHUCCL&I  to  Tin:  ii  am:  01  Tin    HI  mi:i. 

thl  point  of  sight,  fitu- 
nli  .1  in  lbs  vertical  pi  .  _•  t lir> »u^li  t lie  axis,  o,  o\  of 

Jar  to  the  plane,  T  T',  of  the  picture. 
It  will  I  that   in  tin   ; 

[xjint  mu.-t  In  i  '■  lapisaantmg 

the  axi-  tu  which  all  the  literal  edges 

i  are  tin-  .-Mis,  ■!  /'  and  '•/. 

which  u  it  to  iln-  plane  of  the  picture,  ami  which  are 

a'  4'  ami  </'  ('.  1'utli 
uiie  with  the  edges,  /</,  h  i, 
•  •I"  which  tin  .' "'  </,  h'  i,  likewise  converge  to  the 

•  .•  v  retain  their  vertical  position  in 

and  the  horizontal  lines  a  '/.  /'»,  "  h,  eb,  parallel 

lane  of  the  picture,  an   render  1  in  the  perspective  view 

Imn'.M'm'.ii'J-',  &V. 

It  IB  .  I   u   in  the  solution  of  this  problem,  thai 

point  of  si_-ht  is  in  a  plane,  passing  through  the 

lar  solid,  and  perpendioolar  to  the  plane  of  the 

picture,  the  paspeolive  representation  will  be  symmetrical  with 

centre  line,  ami  that  it  is,  therefore,  quite  suffi- 
•i  through  the  constructive  operations  for  one  side  only 
-jure. 


F01  Kin  PROBLEM. 

THE   I'll. -I.  i  nvi.  m     \    ri  LBIMQ  BIABS,    PLACED   WITH   ITS 

ixia  rami  u , 

PlOOBBl    7     I 

.tinted,  as  in  the  preceding 
in  a  virtical  plane,  passing  throogfa  the  axis  of  thl 
and  perpendicular  to  I  a,   tin-  p.  r-pi  ictive  will  like- 

-  v  iiiim  tricnl  in  ri  tVrence  tu  the  ■  .litre  line,  r"  c: ;  ami  it  is 
iliarity  further.      The  in-i  i 
brass  being  cylindrical,  ami  being  terminated  by  borisonl 
circular  liases,  the  perspective  of  tin-,  bail  will  be  rendered  by 
■   wbii  h  it  will  l.e  luffii  ient  to 
d  to  the 
I  parallel 

./  i.r  /.  ii ,  wl  risonta), 

but  is  |  :    the  picture,   and   i- 

quentrj  -  with  a  lint 

through  the  [  I-  ■,..:,        .      irked,  thai  the 


■ 

..te  axis 
than  that.  Ii'  rf*,  of  thi 
at  a  less  diatai 

in  this  case,  u  well  rendered 
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Till.    (1  BtPBCTm  i'l  '•  BOS*. 

■a  9  and  to. 

■ 
that,  in  obtaining  the  ; 
should  draw  through  tl 
to  the  outer  surface ;  but  in  order  to  aacerl 
tact  of  these  I  Nary  to  imagine  a  series  of 

planes  as  [ruling  thn 

ami  then  to  find  the  perspective  of  each  oi  I  These 

being  found,  a  curve,  drawn  to  cir 
perspective  of  the  apl 

In  the  example,  figs.  9  and  1".  the   |  ■  int  of  I 

II  before— that  is,  as  situated  in  a  plane  passing  I 
the  centre  of  the  sphere,  and 

the  perspective  of  the  spin  re  will,   on  this  account,   limply  be  an 
ellipse,  baring  for  conjugate  axis  the  base,  «"6',  of  thi 
angle,  of  v  0,  in  the  horizontal  projection  ;  and  for  b 
the  base,  <?if,  of  tin 

because  the  right  cone,  formed  by  I  I  »ys  tan- 

gential  to,  and  enveloping  ti- 
the plane  of  the  picture.      I:  hi  were 
situated  upon  a  horizontal  line,  passing  through  tl 
the  sphere,  the  perspective  of  the  Utter  would  evidently  be  a 

The  spherical  part  of  the  stopcock  is  traversed  by  a  1 
opening,  for  the  reception  of  the  key,  ami  of  this 

Opening,  1  in  a  plane  parallel  to  tl 

will,  in  the  perspective,  fig.  S,  be  rendered  by  a  circle,  of  which 
the  diameter  is  r'f. 

A  ■  to  1  flanges  on  either  side  of  tl 

forming  its  junction  with  a  line  of  piping,  the  .-.  micircl. 

the  horizontal 
line.  O*0*,  i  Ti-  '  :   and  the  \ 

I 

of  tin-  lurtaee  of  the  uppers 

-  also  the  upp.-r  visible  edge 
of  the  inmr  tubular  portion.      But  this  is  I  the  case  in 

fig.  3,  an  ;  !  in  a  similar  n 

•  ition  of  l  i  b  -ituated, 

i  the  picture,  is 

always  a  perfect  ellipss;  but  the  s 

Ii  with,  or  is  not  the  representation  of,  an) 

t,  that   the  more  distant  half  of  the 
:ive,  and  must 
than   the  anterior  ball",   wfaflst   tin    ■ 

squally  rHvi 


late  14 
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When  the  point  of  sight  is  in  a  line  perpendicular  to  the  circle, 
the  rays  from  the  latter  will  form  a  right  cone ;  and  if  the  plane  of 
the  picture  is  not  parallel  to  the  circle,  the  section  determined  by 
it  will  be  an  ellipse,  as  is  well  known.  Again,  if  the  circle  is  not 
perpendicular  to  the  central  visual  ray,  the  cone  of  rays  will  be 
elliptical,  and  the  sections  of  such  cone  will  be  ellipses,  of  various 
proportions,  that  parallel  to  the  circle,  however,  being  a  circle. 

The  transverse  axis  of  the  perspective  ellipse  is  the  perspective 
of  that  chord  in  the  original  circle,  which  is  subtended  by  the  arc, 
between  the  points  of  contact  of  the  extreme  visual  rays,  as  pro- 
jected in  the  plane  of  the  circle. 


SIXTH   PROBLEM. 

THE    PERSPECTIVE    OF    AN    OBJECT    PLACED    IN    ANY    POSITION 
WITH  REGARD  TO  THE  PLANE  OP  THE  PICTURE. 

FIGURES   11  AND  12. 

441.  In  each  of  the  preceding  problems,  we  have  supposed  one 
or  other  of  the  surfaces  of  the  objects  to  be  parallel  or  perpendi- 
cular to  the  plane  of  the  picture ;  but  it  may  happen  that  all  the 
sides  of  the  object  may  form  some  angle  with  this  plane.  It  is 
this  case  which  we  propose  examining  in  figs.  11  and  12. 

Let  a  b  c  d  be  the  horizontal  projection  of  a  square,  of  which 
the  sides  are  inclined  to  the  plane,  t  t'.  of  the  picture,  and 
of  which  it  is  proposed  to  determine  the  perspective.  The 
point  of  sight  being  projected  in  v  and  v',  if  we  employ  the 
method  adopted  in  figs.  1  and  2,  we  shall  find  the  points, 
a2,  b2,  c2,  <F,  to  be  the  horizontal  projections,  and  a",  b",  c",  d", 
the  vertical  projections  of  the  corners  of  the  square;  and 
when  we  have  brought  the  plane  of  the  picture,  t  t',  into 
the  plane  of  the  present  diagram,  as  before,  we  shall  find  the 
actual  positions  of  these  points  to  be  at  a1,  6*,  c*,  d*.  If  we  join 
these  points,  we  shall  have  a  quadrilateral  figure,  of  which  the  two 
opposite  sides,  a*  bf,  c*  dk,  converge  to  the  same  point,  /,  whilst 
the  other  two  sides  converge  to  the  point,  /'.  These  two  points 
are  termed  vanishing  'points.  They  are  determined  geometrically, 
by  drawing  through  v,  the  horizontal  projection  of  the  point  of 
sight,  the  straight  lines,  v  T  and  v  t',  parallel  to  the  sides,  a  b  and 
b  c,  of  the  given  square,  and  prolonging  these  lines  until  they  cut 
the  line,  t  t',  representing  the  plane  of  the  picture.  Having  drawn 
through  v'  the  horizontal,  v'  v',  termed  the  horizontal  line  or 
vanishing  plane,  set  off  the  distance,  v  T,  from  v"  to  /,  and  the 
distance,  v  t',  from  v"  to  /',  and  /  and/'  will  be  the  required 
vanishing  points. 

It  follows  from  the  preceding,  that 

When  the  straight  lines  which  are  inclined  to  the  inane  of  the 
picture  are  parallel  to  each  other,  their  perspectives  will  converge  in 
one  point,  situated  on  the  horizontal  line,  and  termed  the  vanishing 
point. 

When  several  faces  or  sides,  situated  in  different  planes,  are 
parallel  to  each  other,  their  perspectives  all  converge  to  the  same 
vanishing  point,  which  allows  of  a  great  simplification  of  the 
operations. 

Thus,  the  edges  of  the  horizontal  faces,  h'  i'  aud  h"  i",  of  the 
quadrangular  prism,  being  respectively  parallel  to  the  sides  of  the 


square,  abed,  are  represented  in  perspective  by  the  straight 
lines,  i3  e3,  e*  c4,  converging  to  the  first  vanishing  point,  /,  and  the 
straight  lines,  i3  g3,  ?  g*,  converging  to  the  second  point,/'. 

The  cone,  f  f',  which  is  traversed  laterally  by  the  prism,  has 
its  apex  projected  horizontally  in  the  point,  s,  fig.  12,  and  verti- 
cally in  the  point,  s',  which,  with  its  axis,  appertains  to  fig.  11. 
The  perspective  of  the  point,  s  s',  on  the  plane  of  the  picture,  is 
found,  in  the  usual  way,  to  be  at  s  in  the  horizontal  projection, 
and  at  s'  in  the  vertical  projection  ;  and  when  the  plane  of  the 
picture  is  brought  into  the  plane  of  the  diagram,  these  points  are 
represented  by  the  points,  s3  and  s3,  upon  the  same  vertical,  s3  o3, 
which  is,  consequently,  the  perspective  of  the  axis,  o  s',  of  the 
cone,  and  the  point,  s3,  is  the  perspective  of  the  apex  of  the  cone. 

If  we  draw  the  perspectives  of  the  two  bases,  k  I  and  m  n,  of 
the  frustum  of  a  cone,  according  to  the  method  already  given,  it 
will  only  remain  to  draw  through  the  point,  s3,  the  two  lines,  s2  m 
and  s2  n',  tangential  to  the  ellipses,  representing  the  bases,  which 
will  complete  the  perspective  of  the  entire  object,  as  in  fig.  IF. 


APPLICATIONS. 

FLOUR-MILL    DRIVEN    BY    BELTS. 

PLATES  XLIV.  and  XLV. 

442.  The  elementary  principles  of  perspective  which  we  have 
laid  down,  will  admit  of  application  to  the  most  complicated  sub- 
jects, and,  amongst  other  things,  to  complete  views  of  mechanical 
and  architectural  constructions.  In  Plate  XLV.  we  have  given 
an  example,  which  will  enable  the  student  to  form  a  general  idea 
of  this  branch  of  drawing.  This  Plate  is  the  perspective  repre- 
sentation of  the  machinery  of  a  flour-mill  driven  by  belts,  and  as 
fitted  up  by  M.  Darblay,  at  Corbeil.  Before  proceeding,  however, 
to  discuss  this  as  a  study  of  perspective,  we  propose  to  describe 
the  various  details  of  the  mechanism  composing  the  mill,  and 
which  we  have  represented,  in  geometrical  projection,  in  Plate 
XLIV. 

The  construction  of  flour-mills  has  latterly  undergone  very 
important  improvements,  as  well  in  reference  to  the  principal 
driving  machinery,  as  to  the  minor  movements,  and  the  cleaning 
and  dressing  apparatus.  As  such  machinery  belongs  to  a  most 
important  class,  we  have  selected  a  mill,  as  an  illustrative  example 
of  the  subject  before  us,  giving  all  the  recently  improved  modifi- 
cations now  at  work,  both  in  this  country  and  on  the  Continent. 

443.  Before  the  introduction  of  what  is  known  as  the  American 
system,  very  large  uncovered  millstones,  of  upwards  of  six  feet,  or 
two  metres,  in  diameter,  were  employed ;  and  these  gave  what  were 
then  considered  very  good  and  economical  results.  These  mills 
were  worked  by  water-wheels  or  wind-wheels ;  but  as  improvements 
gradually  crept  in,  not  only  was  the  entire  internal  mechanism 
changed,  but  also  the  motor,  and  the  description  of  stones.  The 
American  flour-mills,  commonly  known  on  the  Continent  as 
English  mills,  differed  from  the  older  mills  in  the  employment  of 
smaller  stones,  with  furrowed  surfaces,  and  in  their  being  driven 
at  a  much  greater  speed,  requiring,  in  consequence,  more  wheel- 
gear  to  bring  up  the  speed.     A  mill  on  the  old  system,  with  large 
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atones  of  tix  (Ml  in  diameter,  ordinarily  goes  at  the  me 
Go  revolutions  ;  ''•  ,,v  * 

same  lime. 

mill  w.ll 

r,  a  largo  herd-wheel  ami  a  bevil  pinion,  in  the  ratio  of  b 

Hut  a  modern  mill,  in  which  tin 
| 

whilst  it  mi.  '  water-wheel, 

making  •  ceeeary 

ic  work. 
,.•  multiplier-  ot   three 

pairs  of  wheel*  are  r- 

•  vl  spur-whi  •  I.  driving 
a  »pur  j  :        ■  ;ly  bat  D  super- 

■  many  insta:  Tbil 

arrant; i :  advantage  ot   i 

easy,  and  of  ai  pair  of  atones, 

without  mill,  which  i*  a 

very  essential  |  tticubirly  in  a  Urge  ami  important 

mill,  where  many  pairs  of  stoucs  are  at  work. 

XI.  IV.,    rtptwMDtS  a  mill   of  this  A 

tion,  drtt  belt.     It 

■ »  10  pairs  of  1  in  two  parallel  rowa.     The 

establishment  contain  - 

I  of  mills  is  driven  by  a  hydraulic  turbine,  ou  Kourueyroii '.- 

S_\   |  '■    Ml. 

I       i  indpaj  gearing, 

■  • 

as  far  as  the  vertical  shaft  of  tin-  turbine.      Fig.  ■'!  is  h  tr.uisv,  nM 
i,  taken   at  t.  i  'lie  horizontal  drrving- 

•   upper  '  ml  .,f  the  vertical 

h  the  turbine  i-  fixed  lower  down, 

iring  nt  it-,  lower  extremity, 

and  in  a  brass  collar  bearing,  <i,  at   it-  upper  end;  this  bearing 

.  in  tin  top  of  the  hollow  c  uting,  B, 

I  alio  bolted  by  ■  bnu  kd 

to  tin-  ivaa  the 

( the  main  dri 

poo  it.   in  tl  I'.vil 

l  ng  thick  oMt-iron  teeth,  driven  by  the  li ■  -r i 

lontal  1. 
■ 

-haft,  a',  whi 

Irivo  the 

valors 

■    i'.  which  drii 

at  <-,  and 

each  with  ill  :  down  to 


•  urines  ami  •  >  r  caae- 

I 

:    :      ■  I  .     It 

necessary;  anil  the  upper  journal  <:  the  in- 

.  ing,  J,   which  is  bolted  to  the  cross  beams  of  the 

i.  Ii»-  keyed  u\ it  a  l.rvil  pinion, 

vv  tiicli  are  cast  upon  it,  as  well  as  two  li 
pnllivs,  i.,  of  '  tli  the 

Iriving- 
sliaft,  e;  md  the  palleye  era  pat  in  communication  bjrn 

with  other  similar  pulleys,  i ',  of  the  same 
h  keyed  npon  the  t i 
a  pair  of  stones,  U.      A  tension  pulley,   \.  npon  a  short  I 

upporti  I  by  the  two  arms  of  a  second  rertical  spindle,  o, 
the  belt  of  each  peii 

PortbJ*.  putpoee,  a  lev,  r.  /..  i-  fitted  to  the 
\ertieal  ipindW,  <>.  and  to  iu  free  extremity  ia  attached  a  cord, 
over  a  couple  of  guid 

Thoa,  in  the  position  given  to  each  of  the  ' 
in  the  drawing,  the  weights  an 

arc,  ooneoqaentty,  in  »  etrotuhod  state,  and  the  motion  of  the 
i  .  is  commuiii 
up.  so  as  not  to  act,   the  1,  \.r>.   /.   will   be   let   ' 

tenaion-pnlleya,  s  ]  and  the  belt.- will  be  alack,  so  that  the 
motion  will  no  longer  be  communicated,  ami  the  pull -v.-,   i.'.  ami 
conaeqaently  the  pain 
spindles,  ".  are  snp|>orteil  in  ! 

the  under  side  ui"  tb  The  tension- 

pulleys  can  tliu  ii Ir-t  their euppurting- 

rate  npon  the  verticil  spindlee,  o,     [n  ordei  thai  the 

belt!  may  DOt  I~.il  1  when  they  an    si  i.  k,   ir..r, 

at  interval-,  attached  t"  verticil  ro  Is,  'in  the  ceiling. 

\    |  h    inillatone  ihafl  ii  generally 
end  ia  fitted  with  e  naoo  hardoned  step,  which  revehroi  npon  a 
steel  pivot-piece,  j,  adjusted  in  the  bottom  of  a  brass  t 
bearing,  fig,  I.  which  ii  itaelf  contained  in  a  cylindrical  i 
cup,  r,  carried  by  the  bos,  a',  formed  in  tl 
turmounta  the  eolid  ma  m  which  the  entire  banting  of 

the  mill  ia  support!  'I-      Screw-   are   bltYOdaeod    t hr> >i:l_-1i    the  -i.lc* 
Of  the  I  -  of  which  thl 

of  tie-  ll  I  ;   whilst    the   shaft   i-  adjt 

ntly,  the  diatanoe  between  the  atones,  bye 
pindla,  ».  which  baa  i  small  apnr>wheel,  '.  keyed 

Upon  it.   with  which  a  small  pinion,   n,  is  in  gear,   this  last  being 

:  by  the  handle,  •  ■.  npon  it-  vertii  il  -pin. lie.     By  turning 

hi    or  the   li  ft,  the  small  wl. 
the  spill. lie.  ,\i-e  turn,    it  il 

r  fall,  and  with  it  thi  f  the  millstone 

shall.       It  is  in  this  manner   that    the   pitch,   or  dl 

adjusted  with  nil  desirable  |  .'.ling  to 

the  kind  of  work  required  from  the  -• 

The  upper  end  of  the  mill--  '  d  i  taw  -hardi  i 

1     the    centre   ; 

loch  i«  tiveil  .i  t  the  upper  .-t -.  or  runner, 

i;.  and  firmly  imbeddi  tone  at  either  tide.    On  the 
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top  of  the  boss  of  the  centre-piece,  10,  is  a  species  of  metal  saucer, 
into  which  dips  the  lower  end  of  the  pipe  which  conducts  the 
grain  down  from  the  funnels,  r,  generally  made  of  copper.  These 
funnels,  which  receive  the  grain,  communicate  by  the  pipes,  y, 
with  a  single  hopper  above,  and  rest  upon  the  wooden  cross- 
pieces,  s,  fig.  2,  held  down  on  one  side  by  a  hinge,  s,  and  on  the 
other  by  a  vertical  iron  rod,  z',  by  means  of  which  they  are  raised 
or  lowered  at  pleasure,  so  as  to  set  the  bottom  of  their  pipes  at  a 
greater  or  less  distance  above  the  bottom  of  the  saucer  below. 
The  object  of  this  arrangement  is  to  allow  more  or  less  grain  to 
enter  between  the  stones.  The  supports  of  the  cross-pieces,  S, 
are  fixed  upon  a  wooden  casing,  T,  which  covers  each  pair  of 
stones,  a  space  being  left  inside  all  round  the  stones,  into  which 
the  produce  of  the  grinding  falls,  as  it  issues  from  between  the 
stones.  It  is  thence  conducted,  by  suitable  channels,  either  to 
receiving-chests,  or  to  the  elevators,  by  which  it  is  carried  to  the 
upper  part  of  the  building,  to  undergo  the  subsequent  processes. 

The  lower  immoveable  stones,  </,  of  the  same  diameter  as  the 
runners  above,  are  fitted  with  metal  eyes,  V,  furnished  with 
brasses,  which  embrace  the  shafts  of  the  runners,  and  assist  in 
preserving  their  perfectly  vertical  position.  These  stones  are 
grooved,  as  indicated  in  the  plan  of  one  of  them,  fig.  1 ;  that  is  to 
say,  shallow  channels  are  cut  out  of  their  working  surfaces,  so  as 
to  present  on  one  side  a  sharp  edge,  and  act  with  the  runner  like 
scissors,  cutting  each  grain  as  it  comes  upon  them.  The  fine 
close-lined  dressing,  which  is  given  to  the  surface  between  these 
channels,  completes  the  fracture  and  crushing  of  the  grain.  These 
lower  stones  rest  upon  the  cast-iron  plates,  u,  but  with  the  Inter- 
vention of  the  three  adjusting  screws,  a',  which  allow  of  the 
obtainment  of  an  exact  level ;  whilst  four  lateral  screws,  or,  fig.  1, 
entered  through  the  lateral  cast-iron  frame,  serve  to  adjust  with 
accuracy  the  centre  of  the  stone. 

The  base  plate  and  side  frames  are  not  only  bolted  to  the  cross 
beams  of  the  building,  but  they  are  also  supported  at  intervals  by 
cast-iron  columns,  v,  placed  between  each  pair  of  stones,  and 
resting  upon  the  plates,  0',  and  the  solid  masonry  below  them. 
The  ceiling  is  additionally  supported  by  the  solid  wooden  columns, 
x,  placed  at  the  ends  and  between  the  two  rows  of  stones.  An 
iron  railing,  y,  is  placed  on  each  side  of  the  driving-gear,  to  prevent 
accidents  which  might  arise  from  persons  passing  too  near  the 
heavy  wheels.  Cavities  are  constructed  in  the  masonry,  for  the 
reception  of  the  mechanism  for  adjusting  the  footstep-bearings  of 
the  runner-shafts,  already  described.  These  openings  are  usually 
covered  by  suitable  doors. 


THE   REPRESENTATION    OF  THE   MILL  IN    PER- 
SPECTIVE. 

PLATE     XLV. 

445.  It  was  stated,  in  the  preliminary  instructions  relating  to 
perspective  drawing,  that  the  perspective  dimensions  depend  on 
the  position,  both  of  the  point  of  sight  and  of  the  object,  from  the 
plane  of  the  picture,  which  is  necessarily  limited  in  size. 

In  the  perspective  delineation  of  one  or  more  objects,  we  should 
consider,  not  only  from  what  distance  the  object  should  be  viewed, 


but  also  at  what  height  the  eye,  or  the  horizontal  line,  should  be 
placed.  In  the  example  selected,  we  have  supposed  the  point  of 
sight  to  bo  placed  at  the  height  of  a  man's  eye ;  but  it  is  evident 
that  this  height  of  horizon  is  not  invariable.  It  depends,  more  or 
less,  on  what  part  of  the  object  we  wish  to  develop  more  particu- 
larly in  the  perspective  representation.  Thus,  for  a  machine  of 
but  little  height,  the  point  of  sight  should  be  lower;  whilst  it 
should,  in  all  cases,  be  at  a  sufficient  height  to  enable  the  spectator 
to  take  in  the  entire  object,  without  changing  his  position. 

In  architectural  subjects,  the  horizontal  line  should  never  be 
taken  at  a  less  height  than  that  of  a  man's  eye  ;  whilst,  in  general, 
a  good  effect  may  be  anticipated,  when  the  distance  of  the  specta- 
tor from  the  picture  is  equal  to  about  one  and  a  half  times,  or 
twice  the  width  of  the  paper,  provided  there  is,  at  least,  as  great  a 
distance  between  the  plane  of  the  picture,  and  those  parts  of  the 
object  which  are  nearest  to  it.*  Taste  and  practice  in  drawing  in 
perspective  will  be  the  best  guides  in  the  choice  of  the  dispositions 
leading  to  the  happiest  effects. 

We  have  at  t  f,  figs.  1  and  2,  Plate  XLIV.,  indicated  the  posi- 
tion assumed  for  the  plane  of  the  picture,  which  is  supposed  to  be 
brought  into  the  plane  of  the  diagram  in  fig.  5,  Plate  XLV. 

The  point  of  sight,  agreeably  to  the  recommendation  we  have 
given,  is  supposed  to  be  placed,  with  reference  to  the  picture,  at 
a  distance  equal  to  about  twice  the  width  occupied  by  the  machi- 
nery of  the  mill  in  the  vertical  projection.  It  does  not  lie  within 
the  limits  of  the  paper  in  the  geometrical  projections,  Plate  XLIV. ; 
but  it  is  projected  into  the  plane  of  the  perspective  picture  in  the 
point,  v',  fig.  5. 

In  laying  out  the  main  design  of  this  perspective  picture,  we 
must  commence  by  finding  the  positions  of  the  axial  lines  of  all 
the  columns,  iron  shafts,  horizontal  and  vertical,  and,  in  general, 
of  all  symmetrical  objects.  Thus,  through  the  points,  1,  2,  3,  4, 
&c,  fig.  1,  we  must  draw  a  series  of  visual  rays,  converging  to  the 
point  of  sight,  and  cutting  the  projection,  1 1',  of  the  plane  of  the 
picture,  in  the  points,  1",  2",  3",  4",  &c,  which,  in  the  picture 
itself,  fig.  5,  Plate  XLV.,  are  represented  by  the  points,  1',  2',  3',  4', 
&c. 

The  vertical  lines,  drawn  through  each  of  these  points,  will  be 
the  axial  lines  sought.  We  next  obtain  the  perspective  of  the 
objects  situated  nearest  to  the  picture  plane,  as  the  column,  x,  for 
example.  This  column  being  very  near  the  plane  of  the  picture, 
and  the  visual  rays  tangential  to  each  side  of  the  cylindrical  sur- 
face, being  both  very  much  inclined  to  the  same  side,  its  diameter 
in  the  perspective  plane  seems  proportionately  greater  than  it  is 
in  reality ;  but  this  is  corrected  by  the  obliquity  with  which  this 
part  of  the  perspective  picture  should  be  viewed.  For  it  must  be 
borne  in  mind,  that  all  perspective  pictures  must  be  viewed  from 
the  single  and  precise  point  of  sight  in  relation  to  which  they  are 
drawn ;  otherwise,  the  pictures  will  have  an  untrue  and  distorted 
appearance. 

We  next  determine  the  perspective  of  the  columns,  v,  the  axes 
of  all  which  are  situated  in  a  plane  perpendicular  to  the  plane  of 

*  We  do  not  see  the  force  of  this  remark,  for  why  should  not  a  perspective 
representation  be  drawn  full  size,  or  even  to  a  larger  scale  ?  In  one  case, 
the  object  must  be  supposed  as  close  to  the  plane  of  the  picture,  and,  in  the 
other,  as  between  it  and  the  point  of  sight. — Translator  and  Editor. 
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the  pieturr ;  to  that  they  will  diminish  gradually  in 
limited  by  a  couple  of  hue*,  converging  in  the  |>oint  of 
It  follows  hence,  that  when  the  penpectiv.  itnn  has 

been  obtained,  it  will  bt  fafficieiit  to  draw  throu.-h  the  principal 
point*  of  the  moulding*,  and  other  part*,  •  aerie*  of  line*,  con- 
verging in  the  point  of  tight,  ■',  ■  I 

,•  point*  on  the  other  column*,  toge- 

--pective  of  each  of  the  runner  abaft*, 
the  pull  of  ail  wliich  lie  iu  the 

•  •  .•   columns.  V. 

A*  la  the  axe*  of  wliich  are  vertical,  and 

are  projected  horizontally  in  :    1".   11.  Bg.  1,  Plate 

XI.IV.,  and  cou*e<|u 
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the  pcr*pective  of  the  apex,  »',  of  the  cone,  of  wliich  the  web 
carrying  the  teeth  U  a  fruMum ;  because  the  perspective*  of  all 
the  edge*  of  the  I 

The  edge*  of  the  teeth  of  the  bcvil-wln  el,  k',  the  axis  of  which 
i*  horizontal,  are  *l*o  repreacnted  in  perspective  by  straight  lines 
converging  in  this  tame  point,  «';  and  as  t  >ing  the 

•ides  of  (lank*  of  the  I  ilso  lie  in  cones,  the  surfaces 

of  which,  however,  are  perpendicular  t"  the  tir.-t.  their  per- . 
likewise  converge  to  n  :iie  apex 

tht  surface  of  which  t! 
es  of  the  anna  of  the  b<  \il-wh.  .1,  K  ,  001 
to  the  centre  of  this  »  I  BJ  liOH 

which  »:  of  tliat 

the  perspectives  of  the  objects  which  are  repeated,  and 

of  which   the   axes   lie   in   the  same  plane  perpendicular   to  the 

.-■   always  alike,  and  differ  only  in  being  of  diuiin- 

.  naioni  ■     irding  to  t!.  n  Ull  piano  of 

<  1  that  when  I 

:  mining 
ally  by 
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lion  applies  to  the  wheel  gearing,  the  bearing*  and  frames  which 

the  various  shafts,  the  pulleys,  anil  other  ■  n •  n  repeated 

that  that,  in  tig.  6,  are  drawn  the   principal  con- 

and  giving  the  visual 

rays,  which  could  BOt  all   be  turn  in  the  horizontal    ]ir 

I  which  should,  novi  riln  less,  lie  drawn,  in 

with  the  plane  of  the  picture,  It',  the 
widths. 

r.iwn  to  a  bug)  root  to  render  the  various  de- 

I  in  I.,  in,'    turned   th< 
•  n  with  a  twofold  object — as  an  example  of  the  di  1 
iniral  and  architectural  object*,  and 

in*  of  the  several  sur- 
faces, in  pic*  laid  down  in   the 
i  treating  of  shading  and  colouring. 
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Ily  far  the  best  millstones  used,  in  this  or  any  other  country, 
are  mad.        I  iterial*.     The  stones  from  the  val 

Marin'  have  t*>  work,   and  tu: 

1>.  tt.  r  and  whiter  lluur.  than  .  -.liceou* 

in  composition,  and  slightly  tinged  with  fen  itter;  they 

arc  now  exported  to  every  part  of  the  world  wh 

i     marl*,  great  pain*  were  taken 
to  extra  '  ni  the  quarry  beds,  to  bo  M 

I  only,  comb!:  ■ 

pan  faces  beh  g 
'   the  modern  artificial  furrows.      The  grand  improvement 
oi*  cutting  furrow?  in  the  grinding  faces,  in  such  way  as  to  improve 
the  grinding  action  without  interfering  with  the  a 

introduced  only  forty  year-  II 

the  uncertainty  attending  the  nsc  of  porous  or  partially  cellular 
stones  was  removed  ;  a  I  -  gradually  improved 

upon  the  idea,  by  hnilrtfeg  u:  .11  fragments  I 

of  equal  hardness,  so  as  to  insure  a  good  grinding  surface  1 1 
out— this  being  unattainable  in  large  masses,  where  softer  and 
more  porous  parts  frequently  occur  alongside  the  harder  areas. 
The  makers  thus  contrived  to  g  -tones,  each  i>. 

mot  of  which  was  of  the  same  grain,  bar 
and  colour;  and  as  the  manufacture  grew  up  to  !»■  an  important 
branch  of  indu-try.  the  niceties   of  suiting   the   materials  to  the 
peculiarities  of  the  country  win  re  the  stones  were  to  be  I 
.  loptad  DJ  the  millers,  and  even  the  char 
the  grain  to  be  reduced,  were  all  carefully  »:t.  D  It  I  to.       Ilius  it 
i  .  that  the  millstone  manufacture  has  become  a  precise  art.      In 
building  such  -i  kasSB  selects  n 

with  plaster 
such  accuracy  being  observed  in  the  fitting*,  that  tht   I  ntir.  .-true- 
ture  hardlv  exhibits  a  joint.      The  smith  tin  n  .  n.  iirh  I  tl 
with  a  retaining  hoop  of  wrought-iron,    put   on   hot,   so  .-, 
tL'htlv   ■  uneven 

surface  to  a  plane;  and  the  furrow-cutter  follows  tin   dr.  -ir,  first 

.  ami  then  cutting  out,  the  grooves  which  are  to  j 

the  sharp  cutting  edges.     '1  .  completed,   and  the 

running  stone  balanced,  to  he  of  equal  weight  all  round,  cavities 

II  lor  the  insertion   of  had.    when   the  stone   is  started  in 

that  it  may  run  with  j  I  hoop 

of  cold  iron  is  then  added  to  give  further  Strength,  mid  t! 

dry.  Ha  Begar,  a  French  inaki  r  of  repute,  produce* 
annually  some  f><X>  null- tones,  and  an  immense  mm. her  of  the  in- 
l.nrr  stones  . 
The  ingenious  and  important  contrivance  of  the  "  antifriction 
curve."  by  Mr.  Schicle,  lias  found  an  important  application  in  the 
grinding  surfaces  of  millstone*,  in  which  it  lias  introduced  a  striking 
departan  pies.     The  inventor  was  led 

of  working  .-iirfaces   by  the 
■liar  in   th.  a|   plugged  st- 

'  truncated  coi.  k  plug  to  be  divided 
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into  a  series  of  infinitely  short  lengths,  he  proposed  to  take  a  more 
obtuse  cone  for  each  larger  portion,  and  in  such  progression,  that 
it  would  require  equal  pressure  for  every  portion  of  the  surface  to 
cause  a  uniform  sinking  of  the  plug  in  the  course  of  wear.  The 
contour  thus  obtained  is  of  a  peculiar  curve,  as  shown  in  fig.  1. 
The  main  feature  of  the  generating  curve  for  such  a  surface,  is  the 
equality  of  all  tangents  drawn  from  the  curve  surface  to  the  axis ; 


Fig.  3. 


hence  the  use  of  the  simple  instrument  illustrated  by  fig.  2.  This 
contrivance  consists  merely  of  a  straight  brass  wire,  A,  jointed  at 
one  end  by  a  pin  to  the  upper  surface  of  a  small  wooden  slider,  is, 
which  is  hollowed  in  the  centre  to  receive  the  tip  of  the  finger  in 
drawing  a  curve.  A  small  drawing-pen,  C,  ingeniously  formed 
out  of  a  slip  of  steel  bent  over  the  wire,  a,  and  screwed  to  a  brass 
bush,  so  as  to  form  two  broad  nibs,  is  arranged  to  slide  from  end 
to  end  of  the  wire,  being  adjustable  at  any  point  by  stiff  friction, 
caused  by  a  spring,  which,  fitting  a  groove  in  the  wire,  retains  the 
vertical  position  of  the  pen.  In  drawing  a  curve,  the  rod  or  wire 
carrying  the  pen  is  set  at  right  angles  with  the  slider,  B,  which  is 
drawn  in  a  right  line  along  the  edge  of  a  ruler,  whilst  the  wire 
carrying  the  pen  is  left  to 
find  its  way  from  its  initial 
angular  position,  to  that  of 
a  line  in  the  same  plane  as 
the  slider ;  and,  in  doing 
this,  the  pen  describes  the 
curve  we  have  represented. 
Fig.  3  is  a  vertical  section 
of  a  millstone  arrangement 
on  this  system,  showing 
how  the  gradual  variation 
of  the  curvature,  in  rela- 
tion to  the  increasing  dis- 
tance of  the  parts  from  the 
centre  of  motion,  equalizes 
the  rubbing  pressure  in  the  most  perfect  manner.    The  same  sketch 
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also  shows  the  adaptation  of  the  principle  to  footsteps,  together 
with  a  new  system  of  lubrication  of  these  surfaces  so  liable  to 
extreme  abrasion.  The  oil  supply  is  kept  in  an  elevated  vessel,  a, 
whence  a  pipe,  B,  proceeds  downwards  to  the  footsteps,  upon 
which  a  pressure  is  thus  constantly  kept  by  the  oil  column,  a 
stopcock  being  introduced  to  regulate  the  supply. 

Mr.  Schiele  now  makes  independent  or  self-contained  flour- 
mills  of  this  kind,  of  such  simplicity  and  compactness,  that  four 
complete  mills,  or  sets  of  stones,  placed  together,  may  be  worked 
in  a  room,  10  feet  square ;  a  single  shaft  driving  the  set,  from  the 
centre,  by  means  of  a  horizontal  band-pulley,  from  which  endless 
bands  pass  to  corresponding  pulleys  on  the  spindle  above  the 
upper  stone.  In  mills  of  this  kind,  when  by  wear  the  runner  has 
sunk  three  inches,  the  adjusting  screws  of  the  steps  arrive  at  the 
end  of  the  3-inch  traverse  allotted  to  them.  The  runner  is  then 
lifted  from  its  seat,  and  {he  thin  end  is  shortened  to  this  amount. 
This  plan  of  renovation  may  be  repeated  twice,  thus  allowing  for 
12  inches  wear  in  a  26-inch  runner ;  and  the  stones,  so  reduced, 
are  still  valuable  for  smaller  mills. 

The  peculiar  portability  of  these  mills  is  a  valuable  feature  of 
improvement.  No  fixtures  are  required,  as  the  weight  of  the 
parts  insures  steadiness  in  working.  Perfect  uniformity  of  wear 
in  the  grinding  surfaces  is  attained  by  the  use  of  the  curved  face ; 
and  the  expensive  dressing  necessary  in  flat  stones  is  here  entirely 
obviated,  as  the  occasional  grinding  of  hard  substances  roughens 
the  faces  to  an  extent  sufficient  for  grinding  all  the  softer  mate- 
rials, which  gradually  smooth  down  the  faces. 

Any  of  the  materials  ground  in  common  mills,  and  many  which 
the  latter  cannot  properly  act  upon,  are  capable  of  reduction  in 
these  mills.  For  flour  and  other  finely-ground  substances,  a  few 
air-channels  are  formed  down  the  face  of  the  runner.  Their  best 
speed  is  only  half  that  of  common  stones ;  and  the  inventor  states 
that  his  experimental  results  go  to  show  that  a  two-feet  runner 
produces  as  much  flour  as  a  four-feet  flat  millstone,  the  power 
required  being  a  minimum.  If  the  stones  run  empty,  no  contact 
can  take  place,  therefore  there  is  no  firing,  nor  does  a  variation  in 
the  feed  or  speed  cause  any  difference  in  the  relative  position  of 
the  stones,  on  account  of  the  firm  and  steady  revolution  on  the 
curved  pivots.  The  antifrictional  qualities  of  these  pivots  are 
pretty  well  elucidated  by  the  fact  of  the  very  minute  consumption 
of  oil  upon  them. 

The  "  Ring  Millstone,"  invented  by 
Mr.  Mullin  of  Gilford,  Ireland,  is  pro- 
posed as  the  means  of  securing  four 
special  advantages — economy  in  ma- 
nufacture, simplicity  and  effective  ven- 
tilation, increased  production  of  meal, 
and  a  saving  of  labour  in  repairs.  Fig. 
4  is  a  vertical  section  of  the  stone,  and 
fig.  5  is  a  corresponding  plan.  The 
"  eye,"  A,  is  made  excessively  large  in 
proportion  to  the  stone's  diameter,  ex- 
ceeding, indeed,  half  the  latter  dimen- 
sion. This  increased  area  admits  a 
greater  volume  of  ah-  than  is  usual,  and  this  air,  coming  in  contact 
with  the  more  rapidly  revolving  portion  of  the  stone,  is  passed 
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Fig.  5. 
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each  end  erith  the  shaft,  rf.  of  the  upper  mill  I 

pair  of  mills) a  wUoh  are  on  that  alda  of  tha  steam 

and  in  ease  it  should  bt 

tha  npper  stones,  the  othai  i  by  detaching 

the  connecting-rods  belonging  thei  I 

The  efficient  mingling  of  oold  air  with  the  grain  a«  it 

between  the  grinding  torfaeea  ofmQlstoa  thi  i t 

important  of  the  modem iniuiof amenta  In  grinding.     Thi 

I.  and  the  production  i-  materially 
I.  whilst  the  quality  of  il"iir  ii  very  luperior  to  t 
dnced  in  the  old  eray.     It  is  this  feature  which  holds  a  prominenl 
place  in  a  recent  invention  by  Mr.  J.  Currii 

I     ,8  of  our  engra\  rtioa]  section  of  one  of  hi* 

millatone  arrangements,  showing  how  tha  cooling  air  i>  mingled 
with  the  grain  before  tha  grinding 

■  lii>  purpose  he  uses  two  grain  feed-pipes,  a,  diverging  down- 
wards, like  a  forked  branch  of  a  tree,  ir..m  thi 
discharge  opening  of  tha  hopper,  v..  tha  revolving  foed-epindle, «. 
ed  np  from  the  main  spindle,  i>,  through  a  joint-hola 
in  the  fork,  into  tha  main  feed-pipe,  receiving  1 1 1 »-  grain  from 
th.  hopper.  After  diverging  downwards,  until  thej  reach  the 
of  tha  fixed  atone,  i.  tha  two  foed-pipea  pass 
vertically  through  a  pair  of  bolei  made  directly  through  the 
upper  atone,  and  set  diametrically,  one  on  each  side  thi 

.  annular  portion  of  the  mult  r  surface  Of  thi-  -ti.ne. 

eatendb  tl"  food  aperturee  opening  through 

it.  i-  beviUed  slightly  upwards  Iron  the  outer  aide  of  these  bolea 

tin-  eye,  bo  as  to  leave  a  i  :   tween  tha  two 

.ii  ami  air,  ami 
precludii  tni  d)  of  the  grinding 

The 
the  nppaj   Sxi  teen  tl»    ta 

■  \<  r  with  a  i  .  spindle, 

:  adjustmenl  at  any  required  height  above  thi  eye 
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as  a  valve.  The  grinding  surface  of  the  lower  running  stone,  II, 
is  perfectly  flat  throughout,  and  its  eye  at  the  grinding  level  is 
covered  over  by  a  metal  plate,  f,  with  a  central  aperture  round 


the  feed-spindle,  G,  for  the  passage  through  of  a  portion  of  the 
air.  In  this  way,  part  of  the  air  may  he  discharged  at  the  eye  of 
the  upper  stone,  and  part  down  through  the  eye  of  the  runner 
beneath,  whilst  the  main  body  of  the  air  goes  along  with  the 
grain,  and  is  discharged  with  the  grained  material  at  the  periphery 
of  the  stones.  By  this  contrivance,  the  entire  surface  of  both 
stones  is  kept  encircled  by  a  constantly  changing  air-bath  or 
current,  for  the  air,  escaping  at  the  eye  of  the  upper  stone,  is 
directed  by  the  valve  disc  over  its  entire  surface,  whilst  that  from 
the  bottom  of  the  lower  eye  passes  over  the  whole  bottom  surface 
of  the  runner,  between  it  and  the  bottom  base  plate,  I.  This  has 
a  ventilating  effect ;  for  on  the  upper  edge  of  the  iron  casing,  j, 
which  surrounds  the  lower  running  stone,  and  supports  the  upper 
fixed  stone,  is  placed  an  annular  disc  of  wire-cloth,  K,  covering 
over  the  annular  space  left  between  the  periphery  of  the  stones 
and  the  interior  of  the  casing.  This  wire-cloth  stands  a  short 
distance  above  the  level  of  the  grinding  surfaces,  and  from  its 
periphery  a  light  wooden  casing,  L,  springs  upwards,  surrounding 
the  upper  stone,  and  bevilled  inwards  at  some  distance  above  the 
stone's  surface.  Thus  there  is  a  current  of  cold  air  passing  from 
the  running  eye  up  outside  the  stone  and  inside  the  easing. 
There  it  meets  the  heated  current  from  the  grinding  surfaces  at 
right  angles  ;  and  breaking  this  heated  current,  whatever  grained 
material  is  held  in  suspension,  falls  back  within  the  bottom  casing, 
whilst  the  heated  air  passes  off  through  the  wire-cloth,  again 
meeting  at  right  angles  with  a  cool  current  from  the  upper  side  of 
the  top  stone,  which,  in  conjunction  with  the  bevilled  top  of  the 
upper  case,  still  further  separates  the  suspended  flour,  and  aids 
the  ventilation.  Another  modification  of  stones  relates  to  the 
combination  of  three  or  more  separate  stones,  instead  of  two,  as 
hitherto  used.  In  this  plan,  which  is  represented  in  fig.  9,  the 
central  stone,  A,  is  the  runner,  the  upper  and  lower  ones,  B,  c, 
being  fixed,  so  that  the  grinding  is  performed  both  between  the 
under  surface  of  the  upper  stone  at  d,  and  the  upper  surface  of 


the  central  runner,  and  between  the  under  surface  of  the  latter 
and  the  upper  surface  of  the  bottom  fixed  stone  at  E.  The  grain 
is    fed    through    the  pt~  g. 

pipe,  F,  into  the 
hopper,  g,  through 
the  adjustable  feed- 
passage  into  the  pipe, 
u.  Hence  the  supply 
for  the  upper  grind- 
ing surfaces  passes 
out  by  the  inclined 
lateral  opening,  I,  into 
the  hollow  space,  J, 
in  the  upper  stone, 
forming  the  lower 
part  of  the  eye  there- 
of. Here  it  falls  on 
to  the  disc,  k,  and  is 
directed  to  the  grind- 
ing surfaces.  The 
supply  of  grain  for  the  lower  or  secondary  grinding  action  passes 
out  at  the  bottom  of  the  pipe,  ii,  into  the  eye  of  the  runner,  A, 
and  thence  proceeds  to  the  grinding  surface.  The  upper  stone  is 
supported  by  side  brackets,  these  brackets  being  carried  on  the 
lower  annular  casing,  L,  bolted  down  to  the  floor.  The  bottom 
stone  is  sunk  in  a  casing,  m,  recessed  into  the  floor  or  platform, 


Fig.  10. 


being  steadied  later- 
ally by  an  annular 
piece  of  metal  level 
with  the  floor,  whilst 
it  rests  on  adjusting 
bolts,  N,  beneath. 
The  spindle,  driven 
by  gearing  from  be- 
low, rests  in  an  ad- 
justable balanced 
footstep.  It  is  fitted 
to  the  runner  by  a 
liyne,  made  on  the 
"  balance"  principle. 
The  top  of  the  spin- 
dle is  spherically 
shaped,  as  at  o,  be- 
ing passed  through 
the  collar  disc,  P, 
and  fitted  into  a 
spherical  recess  in 
the  under  side  of  the 
Ryne,  Q,  connected 
to  the  stone,  a.  In 
this  way,  as  the  con- 
nection between  the 
spindle  and  the  stone 
is  entirely  formed  by  this  ball  and  socket,  no  derangement  can 
arise  from  the  spindle  and  runner  getting  out  of  truth. 

Fig.  10  is  a  vertical  section  of  the  "  balance  Ityne,"  on  a  larger 


m 
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•oale.     a  b  the  base  ;  r  running  Mow 

from  ab»\e   by  the   i    I  I    which  passes  down  I 

the  centre  of  l 

nates  in  a  c  :  rests  in  a  concavity  in  the 

top  of  the  due  piece,  I),  which  hal  I 

lower  Mirfacc  ■  in  a  brass 

m  of  the 

;    m  it.  and  in 

r  face  of 
"Ut  car- 
rying thin  dUc  with  it.      Tl 

by  boltt  passed  up  from  below,  and  it  is 

A\y  by  ut  tcrewi  pasted  through   the  vertical 

arms  of  i  I  the  disc's  periphery. 

These  vertical  armi  terminate  in  an  annul  <  tn  which 

■us  paM  into  i  tlie  lower  end 

eye  of  the  runner  from  a!  np  the  whole  of 

■  ap|>aratu!>,  a  e  has  an  upper  collar  upon 

it,  through  »l.  M  bolts  pass  as 

wall  tl  r  1  cup  piece,  it,  and   finally  bear  upon  the 

i       tOtl      '     \-     \'\ 
this  arrangement  the  full  benefit  of  the  universal  joint  Co- 
is  obtained,  as  the  bolts  admit  of  exact  lateral  adjustment,  and  the 
.11  work  accur  they  should  gal  out  of  truth 

with  the  apmdl  n  M ■"  k,  i .  toati  on  the  lop  of  the 

lint,  the  Utter  eai 
tuning  by  tli"  adjusting  w*ar,  n.     The 
forked  •  rices,  and  is  jointed  t 

by  a  pia  i  i  thai  the  larac  ma  I  md  dis- 

I  from  the  notches  in  the  disc  nt  pleasure.      In   this  way, 
brass,  the  attendant,  by  nrging  round  the 
of  the  notches,   can  screw   up   the 
spindle,  and  thai  mist  the  block,  o,  aa  may  1"   raqaired.     This 
mblet  that  of  a  ratchet  drill,  wherein  a  few  short 
ta  with  I 
pive  a  e  •-,       The  block,  i ,  is  capable 

w,  passed  throagfa  tha   1 1 
hase  plate. 
Man;.  tl  arc  now  at  work,  nt  the  patentee's 

e  ami  well -an  inged  "  City  of  I  Irain  Mills." 

In  tl. 

Boat  position  as  a  flour-mill  engineer.      Mr.  Joyce,  of  the 
W       .-,  has  also  pr.   .  Hint  work  of 

i  Cora  Mills,  Birmingham,  ami  tl 
Mills  of  Mr.  Unci,  at  1  >«  1. 1 : 

Balkan. 


l:i  lis  AND   PRACTICAL  DATA 

k   ri  UOIMTO  itv   v\i:n.i  s  mum; 

»vp  Mated  in  the  |  •  |<tion  of 

the  mac!  •  mills,  the  diameter  cumin    ■ 


millstones  on  t' 

nt  a  vi !  !,  stones, 

in  some  of  the  well-managed  establishments  in  and  around  Paris, 
?i  an  average   I  It  fa  M  hours; 

hut,  at  the  ana  that  first 

•  |uality  of  flour  is  obtained,  which  is  so  much  son-lit  after  by  the 
Parisian  bakers. 

I  in  this  iii.r  ■      t  it  re- 

quires a:  ,   horse  power,  equal  to  7.'.  I 

-  f  wheat 
lr  horses   power  fat    from   S<>  to    - 
grammes.      In  this  estimate  we   include  the  power  necessary  to 
work,  not  only  the  millstones,  but  also  all  the  accessory  apjuratus 
of  the  mill. 

It  would  s|i|>ear,  then,  ace  to  grind 

tret  in  the  '21  hours -which  corresponds  to 
50  or  61  kilogrammes  per  hour — it  requires  an  t  B 
2J  horses  power,  that   required  for  the  cleaning  and  bolting  or 
dressing  processes  being  included. 

than,  that  we  have  at  our  disposal  ,v 
of  IS  horses  power,  we  slim.!  I  k  six  pairs  of  stones, 

tOgl  that  with  the  accompanying  apparatus  and  machinery        \\  • 
-.  lh.it  in  this  number  we  include  the  pair  of 
.  it  may  happi  i   ■  lr  --.  I.      A- th- 

is made  almost  reguln:  week  at 

furthest,   there  is  nci  I    always  a  pair  of  stones  not 

working,    hut  uncovered  and  -ing  operation  ; 

an  acdn   man  i  mays  arranges  that  this  work  may  bv 

well  and  quickly  done,  and  as  much  as  poaatbia  during  the  day- 
time. 

In  mills  ivh.  re  '    screwed  down  so  ban),  and 

lently  work  further  apart— as  lathe  ease  in  : 

-.  and  also  in  i  tin   mills  are 

made  to  grind  from  'Jl  to  25  I 

par  24  hours,  and  often  The    WOtk 

:  but  then  it  i«  eridently  a: 
;    the  BOUT,  and  almost  alwaj 
than  firsts  are  proda  ills. 

Tin-  i 
although  it  doe-  not  increase  in  proportion  I.'  the  i|uauti(y  of  flour 

in  fact,  il  ted  by  i  rjMritneat,  that 

antler   the  last  -mentioned  system,    from    J  nines  of 

wheat  can  be  ground  by  a  force  equal  to  one  horse  pow. 
kJlogrammetrea,   whQal    under  the  first  system  only  20  to  29  kilo- 
grammes are  ground.    There  ,  i  actual  gain,  as  far  as 

'.is  point  ;  and  il  m.i\   bt  all  I 
of  four  1  .!  pi  r  hour  can 

be  ground  ted  at]      na,  Dtfoa,  and 

re,  whilst,  fat  the  mills  fa  and  i  the  same  power 

In  the  mills  intended  for  war  purposes,  in  which,  as  we  hare 
aaid,  an  md  the  stones,  rsmanqiiawllj 

work    further  apart,  the  cipciiditur.  -till  less, 

imt.lv.  and  the  more  so  thai  ;   and   dressing 

apparatu-  limited  in  its  action  |  thus,  the  work  accom- 

may  be  estimated  at  from  28  to  30  kilogrammes  of  wheat 
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ground  per  horse  power  per  hour.  In  fact,  experimental  investi- 
gations have  shown,  that,  with  a  steam-engine  of  from  2-1  to  25 
horses  power,  working  seven  pairs  of  stones  of  1-3  m.  in  diameter, 
17,374  kilog.  of  wheat  could  be  ground  in  the  24  hours.  This 
corresponds  to  a  power  of  3^  horses,  and  103'4  kilog.  of  wheat 
ground  per  pair  of  stones,  or  to  29-5  kilog.  per  horse  power  per 
hour. 

We  may,  therefore,  deduce  from  the  preceding  results : — 
First — That  with  an  effective  power  of  one  horse  (or  75  kilo- 
grammes raised  one  metre  high  per  second),  a  mill  should  grind 
a  minimum  of  20  kilog.  of  wheat,  and  a  maximum  of  30  kilog.  per 
hour. 


Second — That  the  minimum  quantity  applies  to  mills  which  are 
worked  for  commercial  purposes,  and  particularly  for  the  Parisian 
consumption,  producing  the  greatest  possible  quantities  of  the 
higher  qualities  of  flour. 

Third — That  the  medium  quantity  (of  from  25  to  2G  kilog.  per 
hour)  is  that  produced  by  mills  likewise  worked  for  commercial 
purposes,  but  making  a  greater  quantity  of  second  quality  flour, 
such  as  those  at  Lyons  and  other  places. 

Fourth — Finally,  that  the  maximum  quantity  corresponds  to 
the  produce  of  those  mills  which  only  grind  the  coarser  qualities, 
and  in  which  the  cleansing  and  dressing  mediums  are  very  simple. 


TABLE  OF  TIIE  TOWER  REQUIRED,  THE  QUANTITY  OF  WHEAT  GROUND,  AND  THE  NUMBER  OF  PAIRS   OF  STONES,   WITH 

THEIR  ACCESSORY  APPARATUS. 


Effective  Force  in 

Quantity  of  Wheat  ground  in 
per  hour. 

dlogrammes 

Number  of  Pairs  of  Stones. 

Horses 
power. 

k.  m. 

Minimum. 

Medium. 

Maximum. 

Minimum. 

Medium. 

Maximum. 

l 

75 

20 

25 

30 

1 

1 

1 

o 

150 

40 

50 

60 

1 

1 

1 

3 

225 

GO 

75 

90 

1 

1 

1 

4 

300 

80 

100 

120 

1  to    2 

1 

1 

5 

375 

100 

125 

150 

2 

1  to    2 

1  to    2 

G 

450 

120 

150 

180 

2  to    3 

2 

1  to    2 

7 

525 

140 

175 

210 

2  to    3 

2 

2 

8 

600 

1G0 

200 

240 

3 

2  to    3 

2 

9 

675 

180 

225 

270 

3  to    4 

3 

2  to    3 

10 

750 

200 

250 

300 

4 

3 

2  to    3 

12 

900 

240 

300 

360 

4  to    5 

4 

3 

14 

1050 

280 

350 

420 

5 

4  to    5 

4 

16 

1200 

320 

400 

480 

6 

5 

4  to  5 

18 

1350 

3G0 

450 

540 

6  to    7 

6 

5 

20 

1500 

400 

500 

600 

7 

6  to    7 

5  to    6 

22 

1650 

440 

550 

660 

8 

7 

G 

24 

1800 

480 

COO 

720 

9 

8 

6  to    7 

26 

1950 

520 

650 

780 

10 

8  to    9 

7 

28 

2100 

5G0 

700 

840 

11 

9 

8 

30 

2250 

600 

750 

900 

12 

10 

8  to    9 

32 

2400 

640 

800 

960 

12  to  13 

10  to  11 

9 

34 

2550 

680 

850 

1020 

13 

11 

9  to  10 

36 

2700 

720 

900 

1080 

14 

12 

10 

38 

2850 

7G0 

950 

1140 

15 

12  to  13 

10  to  11 

40 

3000 

800 

1000 

1200 

16 

13 

11 

45 

3375 

900 

1125 

1350 

18 

15 

12  to  13 

50 

3750 

1000 

1250 

1500 

20 

1G  to  17 

14 

55 

4125 

1100 

1375 

1650 

22 

18 

15  to  16 

60 

4500 

1200 

1500 

1800 

24 

20 

17 

65 

4875 

1300 

1625 

1950 

26 

21  to  22 

18  to  19 

70 

5250 

1400 

1750 

2100 

28 

23 

20 

75 

5625 

1500 

1875 

2250 

30 

25 

21  to  22 

80 

6000 

1600 

2000 

2400 

32 

26  to  27 

85 

6375 

1700 

2125 

2550 

34 

28 

24 

90 

6750 

1800 

2250 

2600 

36 

30 

25  to  26 

95 

7125 

1900 

2375 

2850 

38 

31  to  32 

27 

100 

7500 

2000 

2500 

3000 

40 

33 

28  to  29 

This  table  is  calculated  upon  the  conclusions  preceding  it,  and 
gives  at  sight,  on  the  one  hand,  the  quantity  of  wheat  which  can 
be  ground  by  a  given  effective  power,  and,  on  the  other,  the  ap- 


proximate number  of  pairs  of  stones  which  may  be  erected  when 
it  is  desired  to  fit  up  a  mill  with  a  determined  power. 

It  is  easy  to  see,  from  this  table,  that  the  number  of  pairs  of 
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stones  varies  in  accordance  with  the  three  • 

Hour  mill",  whatever  rn.iv  l> 

I.  that  it  is  most  t'r.  qneatly  D] 
data  thai 

ill  mi:: 
i  ■  •' 

ut  by  a  mill  on 
with  a  pair  of  I  Ut  In 

.1  mill  with 

■  |  sre  than 

r,  three  or  four 

pain  of  small  -'  '  ''"'•  ><> 

Thua  it 

lood,  that  If  thl  Old  mill, 

I  ry  little 

out  an 
amount  of  work  much  below  wh.it  il 

.   whilst,  on  the  other 
hand,  thi  ratty  of  a  lower  quality.     We  may  say,  In 

fact,  thai  the  quantity 

i  time,  is  almost  always  doable  that  ground  by  a  pair  of 
amall  Sti 

In  r. ;  another  remark  to  b  - 

'  lefa  will  DOt  1"'  without  Importance.      In  many  I 
without  adoptii  i  In  r.  there  h  i 

• 
I  chiefly  the  hydraulic  prime  rnovt  r. 
Bush  ii. ill-  give  out  raffioiently  advanta- 
nlt.«,  ami,  in  fact,  in  tome  cat  a,  produet  more  with  a 

I  a  later 
irhen  they  hare  bean  replaced  by  apparatus  entirely  on 

i  the  constructor 

It  in  •  when  the  di  I  ich  mill 

an'  Impi  heel  is  applied 

to  it,  ami  a  good  the  large 

■r\  apparatus, 
n  n<  a  whole,  considi  rably  Ii 
liah  mill  which  i*  substituted  for  tl 

war,  it  should  produce  more 
dthough  this  1 

l  betti  t  adapt*  l  for  working 

;  1  i'i  in.; 

but  still 

the  same 

i 

■ 
■ 

l 


in  the  one  hand,  and  perhaps,  on  the  other,  n) 

will,  in  r  .  .  hended,  that  the  power  of  a  mill, 

i  I •3  m.  in  diameter,  may  at 

. 

thoroughly  ut  il  to  PC  in.  in  i 

t  may  happen  that  I  not  >uf- 

■  Irivc  too  pairs  of  small  stonca,  whil.-t  it  in  too  much  for 
■ 
for  a  second  pair  of  stones;  whilst,  with  .. 

profitably  employ*  d,  aiel  tl 

■w<rk  w.ll,   with  h  SI  lir.-t  co.-t,  ami    leas  aftl  r  ,  \; 

order. 

.Its  do- 
B  'in  nulla,  of  different  epochs:— 

1830.— flrrt  Statement  n/Pndae*,  obtained  fr,>m  an  old  Steam-Mill,  bdtmg- 

1  ><-nu,  note  no  longer  in  • . 

rrwluccd  by  grindin);  100  |  arts  of  Wheat,  accorth  m  system. 

..1st  quality. 

'■        3  I  All  ' 

lad    ■•     8  I  =  '.:>  i  ■ 

3rd  and  4th,     "       2  J 
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which  consist  of  a  thin  flexible  steel-plate,  passed  round  two 
drums  or  pulleys,  like  an  ordinary  pulley-belt. 

The  second  class  comprises  straight  saws,  acting  vertically  or 
horizontally,  or  sometimes  slightly  inclined. 

We  shall  here  give  the  notes  of  some  experiments  upon  a 
sawing-machine,  having  several  saw-plates  arranged  side  by  side 
in  a  frame,  weighing  altogether  nearly  400  kilog. 

The  power  expended  by  the  prime  mover  was,  for  -1G1  sq.  m. 
in  area,  sawn  through  per  minute,  in  dry  oak,  3-7  horses  power  ; 
and  45  horses  power  for  an  area  of  -131  sq.  m.  sawn  through  per 
minute,  in  oak  that  had  been  cut  four  years.  In  these  instances, 
four  saw-plates  were  worked  at  once,  which  gives  for  each  saw- 
plate,  in  the  first  instance,  '925  horses  power  per  plate ;  and,  in 
the  second,  1*125  horses  power. 

The  width  of  the  set  of  the  saw  is  ordinarily  3  to  4  millimetres 
at  the  outside. 

A  reciprocating  saw,  making,  on  an  average,  120  strokes  per 
minute,  with  a  length  of  stroke  equal  to  -6  m.,  the  cranks  being 
•3  m.  in  radius,  passes  in  a  minute  through  a  space  equal  to 

120  X  2   X    -6  =  144  metres; 
or, 

2  4  m.  per  second. 
Now,  with  such  a  stroke,  we  can  saw  through  a  thickness  of 
from  50  to  GO  centimetres,  and  even  more.      In  taking  the  lower 
of  these  two  dimensions,  the  work  obtained  per  minute,  with  an 
advance  of  2  millimetres,  is 

120   X   -002    X    '5  =  -12  sq.  m., 
for  the  area  sawn  through,  measured  upon  one  side  only. 
This,  per  hour,  is 

•12   X    GO  =   7-8  sq.  m. 

WORK  GOT    TIIROTJGn,  -WITH   A   LONG   SAW,   BY  TWO  MEN. 

448.  Two  men,  giving  on  an  average  50  strokes  per  minute,  can 
go  on,  without  stopping,  for  3  or  4  minutes.  Allowing  that  they 
stop  every  30  seconds,  or  half  minute,  the  stroke  of  their  saw  being 
■975  m.,  the  entire  length  of  the  plate,  13  m,,  they  will  saw 
through  a  length  of  -92  m.  in  7  minutes.  This  gives  for  the  area 
sawn  through — ■ 

•92    X    -315  =  -2898  sq.m; 
or,  per  minute, 

•2898  -r-  7  =  -0414  sq.  m. 

Thus,  the  work  of  these  two  men  is  very  nearly  equal  to  that 
of  one  of  the  saw-plates  in  the  sawing-machine  first  described, 
which  requires  a  force  equal  to  one  horse  power.  This  difference 
may  easily  be  accounted  for,  when  it  is  recollected  that,  in  the 
sawing-machine,  a  considerable  part  of  the  motive  power  is  ex- 
pended in  overcoming  the  friction  of  the  various  moveable  parts, 
through  which  the  motion  is  communicated  to  the  saw-frame; 
whilst,  in  manual  sawring,  the  power  is  applied  directly  to  the  saw, 
and  the  frame  is  always  a  very  light  affair,  especially  as  compared 
with  that  in  the  machine. 

In  a  manually-worked  saw,  such  as  we  have  alluded  to,  the 
teeth  are  '013  m.  apart,  so  that  75  teeth  come  into  action  during 
the  stroke  of  975  m.  The  depth  of  these  teeth  is  -00G5  m. ;  that 
is  to  say,  half  their  pitch.     They  are  very  slightly  bent  to  each 


side,  and  the  workmen  chamfer  off  their  inner  edges,  alternately 
on  one  side  and  on  the  other. 

As  the  saw  only  acts  during  its  descent,  it  may  be  deduced, 
from  the  preceding  statements,  that  its  mean  advance  is 

•92  m.  -h  7  =  -1314  m.  perl'; 
and  per  stroke  of  the  saw, 

•1314  -•-  50  =  •00263  m.; 
that  is  to  say,  a  little  above  2J  millimetres.     This  advance  is 
very  nearly  the  same  as  that  ordinarily  given  to  a  machine-saw, 
wheu  sawing  oak. 

VENEER-SAWING  MACHINES. 

For  veneer  saws,  which  generally  work  upon  hard  wood,  and 
which,  moreover,  produce  sheets  of  peculiar  thinness,  and  per- 
fectly equal  and  regular  throughout,  it  is  obviously  impossible  to 
advance  through  the  wood  at  such  a  rate  as  is  customary  in  cut- 
ting deal  bulks  into  boards. 

The  velocity  of  these  saws  is,  perhaps,  greater  than  for  any 
other  purpose.  It  is  not  less,  in  fact,  than  280  strokes  per  minute, 
and  often  reaches  even  300  strokes,  which  is  more  than  double 
the  ordinary  velocity  formerly  adopted. 

If  the  saw  only  advances  through  mahogany  at  the  rate  of 
~  millimetre  for  each  revolution,  the  length  sawn  through  per 
minute  will  be 

300  X    '0005  =   -15  m.; 
and  per  hour, 

•15   X    GO  =  9  metres. 

If  the  width  of  the  wood  be  40  centimetres,  the  area  sawn 
through  per  hour  will  be 

9    X    '4   =  3-6  square  metres  ; 
and  per  day's  work,  of  12  hours,  allowing  2  hours  for  grinding  the 
tools,  fixing  the  wood,  arranging  the  saw,  lubricating,  &c,  the 
total  work  done  will  be 

3-G   X   10  =  3G  sq.  m.,  sawn  through. 

TVe  may  remark,  that  the  actual  price  paid  to  saw-mill  owners 
for  sawing  mahogany  is,  at  Paris,  generally  28  fr.  per  100  kilog., 
20  sheets  of  veneer  to  the  inch,  or  27  millimetres,  of  width  being 
given. 

It  is  scarcely  twenty  years  since  the  time  that  10  francs  per 
kilog.,  or  1,000  francs  per  100  kilog.,  was  paid  for  this  description 
of  sawing  ;  and  it  was  very  rarely  that  so  many  sheets  of  veneer 
were  got  out  of  the  same  thickness  of  wood.  This  immense  dif- 
ference will  give  some  idea  of  the  effects  of  competition,  and  the 
improvements  continually  made  in  the  construction  of  machinery. 

CIRCULAR    SAWS. 

450.  Circular  saws  are,  without  question,  the  simplest,  and 
capable  of  the  greatest  number  of  applications  in  the  industrial 
arts.  They  are  employed  of  all  dimensions,  from  those  of  2  or  3 
centimetres  in  diameter,  to  those  of  1  metre,  and  even  more.  The 
smallest  and  weakest  are  generally  used  for  cutting  very  minute 
articles,  in  bone,  horn,  or  ivory.  In  the  machines  for  cutting  the 
flat  sides  of  wheel-teeth,  we  find  circular  saws  employed,  of  from 
G  or  8  centimetres,  up  to  14  or  16  centimetres  in  diameter,  accord- 
ing to  the  power  of  the  machine,  and  the  strength  of  the  teeth  to 
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in  the  same  bracket,  and  passed  through  a  hole  in  the  side  of  the 
shell,  to  give  motion  to  the  counter  above.  The  special  object  of 
this  application  of  the  second  crown  wheel,  is  the  neutralizing 
the  lateral  pressure  upon  the  drum  bearings,  in  the  transmission 
of  motion  from  one  drum  to  the  other;  and  to  reduce  the  working 
friction  to  the  highest  degree  of  refinement,  the  total  weight  of 
each  drum  is  calculated  to  be  just  equal  to  that  of  its  bulk  of  the 
fluid  surrounding  it.  The  water  enters  the  meter,  as  indicated 
by  the  duplex  spreading  arrow,  passing  through  a  coarse  grating, 
r,  intended  to  retain  pieces  of  wood  and  bulky  matters,  but  per- 
mitting the  water,  with  its  ordinary  impurities,  to  pass  through. 
After  passing  this  grating,  the  fluid  is  collected  towards  the  axis 
of  the  shell,  by  the  first  internal  conical  incline,  Q,  of  a  duplex 
cone  piece  inserted  within  the  shell,  and  the  flow  is  then  directed 
outwards  by  the  second  reverse  cone,  R,  and  spread  uniformly 
over  the  quick  external  cone  of  the  pieces,  h.  The  object  of 
this  direction  of  the  fluid  is  to  prevent  partial  currents,  which 
would  otherwise  disturb  the  motion  of  the  working  drum;  and 
as  water,  in  passing  through  pipes,  sometimes  acquires  a  rotatory 
motion,  the  conical  block,  II,  is  armed  with  the  radiating  blades, 
K,  to  direct  the  fluid  in  a  line  parallel  with  the  axis,  prior  to  its 
reaching  the  drums  beyond. 

The  current,  thus  uniformly  spread  and  directed,  now  meets 
the  right-handed  screw  blades  of  the  first  drum,  E,  which  is  thus 
caused  to  revolve,  the  water  at  the  same  time  acquiring  a  certain 
deflection,  in  consequence  partially  from  the  resistance  of  the 
drum  to  rotation,  and  partially  from  the  friction  of  the  fluid 
against  the  surface  of  the  revolving  drum. 

The  amount  of  this  deflection  or  "  slip  "  of  the  water,  varies 
with  the  velocity  of  the  current,  and  would,  of  course,  affect  the 
accuracy  of  the  measurement,  were  it  not  for  the  correcting  influ- 
ence of  the  second  or  left  screw-bladed  drum.  The  blades  on 
this  drum  are  of  precisely  the  same  pitch  as  those  on  the  first ;  and 
as  they  revolve,  they  meet  the  water  at  an  angle  so  much  greater 
than  occurs  at  the  first  drum,  as  is  due  to  this  angular  deflection. 
Hence  the  water  tends  to  drive  the  second  drum  faster  than  the 
first,  and  the  fluid  suffers  twice  that  amount  of  deflection  in  the 
reverse  direction.  Hence  the  combination  of  the  two  drums  produces 
a  powerful  water-pressure  engine,  upon  which  the  slight  friction 
of  the  apparatus  exercises  no  appreciable  retarding  effect.  More- 
over, the  friction  of  the  water  on  the  drum  surface  increases  in 
the  ratio  of  its  velocity,  and  the  result  is,  that  the  combined 
drums  move,  under  all  circumstances,  in  the  exact  ratio  of  the 
current.  The  outer  edges  of  the  screw  blades  do  not  work  in 
absolute  contact  with  the  internal  surface  of  the  fixed  shell,  A, 
but  no  water  can  slip  through  this  way  without  impinging  on 
the  vanes,  in  consequence  of  a  slight  contraction  of  the  shell 
between  the  two  drums.  After  passing  both  drums,  the  water 
is  again  directed  as  in  the  first  instance,  and  passes  off  to  the 
service-pipe  at  the  opposite  end  of  the  shell. 

The  counter  or  indicating  apparatus  possesses  some  peculiar 
features,  as  regards  simplicity  of  details,  and  the  dispensing  with 
a  stulling-box  for  the  communicating  shaft,  O,  of  the  drums.  It 
is  entirely  contained  in  the  cylindrical  brass  case,  C,  in  the  top  of 
which  a  strong  plate-glass  cover,  s,  is  screwed  in  from  the  under 
side.     A  strong  brass  plate,  T,  divides  the  case  from  the  meter, 


and  has  a  central  hole  for  the  passage  through  of  the  vertical 
spindle,  o.  A  worm,  or  endless  screw,  u,  upon  this  spindle,  gives 
motion  to  the  wheel,  v,  the  horizontal  spindle  of  which  has  a 
worm,  W,  cut  upon  it,  and  gearing  with  a  horizontal  wheel,  x. 
The  spindle  of  this  latter  wheel  carries  a  broad  pinion,  Y,  which 
drives  both  the  horizontal  spur-wheels,  z,  the  first  of  which  has 
101,  and  the  second  100  teeth. 

The  wheel  with  101  teeth  works  loose  upon  its  spindle,  but 
carries  round  with  it  a  dial-plate,  a,  graduated  on  its  circumference 
to  100  parts.  The  lower  wheel  of  100  teeth  is  fixed  upon  the 
same  spindle  as  the  first,  and  carries  an  index  hand,  which  works 
round  above  the  dial,  and  points  to  the  divisions  thereon  ;  and  a 
fixed  band,  b,  points  as  well  to  the  same  graduations.  The  train 
of  worm-wheels  is  so  proportioned,  that  exactly  10  gallons  of 
water  must  pass  through  the  meter,  in  order  to  move  the  dial- 
plate  under  the  fixed  hand  through  one  division.  One  entire  re- 
volution of  the  dial,  consequently,  indicates  the  passage  of  1,000 
gallons  of  water,  for  which  the  moving  differential  hand  passes 
through  only  a  single  division  on  its  dial.  An  entire  revolution 
of  the  latter,  therefore,  signifies  the  passage  of  100,000  gallons. 
The  reading  of  such  a  dial  is  extremely  simple.  If  we  suppose 
the  fixed  hand  to  point  to  47,  and  the  hand  on  the  dial  to  89,  this 
will  show  that  80,470  gallons  have  passed. 

The  whole  chamber  of  the  counter  is  filled  with  purified  mineral 
naphtha,  or  other  non-corrosive  liquid,  which  communicates  with 
the  impure  liquid  passing  through  the  meter,  only  through  the 
medium  of  the  capillary  space  round  the  upright  spindle,  O,  and 
does  not  intermingle  with  it,  although  both  liquids  are  under  the 
same  pressure. 

The  actual  measurements  by  this  meter  have  been  found  to 
agree  so  perfectly  with  the  calculations,  in  which  the  frictional 
surfaces  against  the  water  are  taken  into  account,  that  Mr.  Siemens 
considers  any  means  of  adjustment  to  be  unnecessary.  Much, 
however,  depends  upon  the  formation  of  perfect  screw  vanes  upon 
the  drum,  to  insure  uniform  results ;  but  all  difficulty  on  this  head 
has  been  very  successfully  removed,  by  casting  the  drums  in  metal 
moulds,  using  a  peculiar  composition,  which  does  not  shrink  in 
cooling,  and  runs  very  fine. 

The  only  parts  of  this  meter  where  wear  and  tear  is  to  be  ex- 
pected, are  the  pivots  of  the  rotatory  drums,  and  these  are  made 
of  hard  steel,  and  abut  against  agate  plates  ;  but  considering  that 
all  weight  is  taken  off  the  bearings,  and  that  the  water  simply 
glides  over  the  drum  surfaces,  these  pivots  may  reasonably  be 
expected  to  run  for  years  without  requiring  attention. 

An  important  practical  advantage  of  this  form  of  meter,  is  its 
compact  form,  and  the  facility  which  it  offers  for  adjustment  in  a 
line  of  pipes  below  street  pavement,  or  at  any  required  elevation 
or  direction.  The  internal  working  parts  are  quite  self-contained, 
and  inaccessible  without  unsoldering  the  ends,  so  that  they  may 
be  intrusted  to  the  care  of  ordinary  workmen. 

In  addition  to  the  employment  of  the  meter  for  water-works 
purposes,  it  may  be  usefully  applied  for  registering  the  water  sup- 
plied to  steam-boilers,  in  order  to  ascertain  the  actual  evaporation 
going  on,  so  as  to  afford  a  correct  estimate  of  the  value  of  the  fuel 
on  the  one  hand,  and  the  engine  and  boiler  on  the  other. 
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fcrential  or  barrelling  motion,  which  is  attached  to  the  vertical 
slide,  and  consists  of  a  segmental  screw-wheel,  embracing  a  motion 
of  about  60°,  gearing  with  a  tangent-screw  on  the  shaft,  l.     The 


segment  has  a  radial  slot,  in  which  an  adjustable  crank-pin  is  fixed, 
the  crank-pin  being  attached  to  the  bearings  of  the  screw  for 
moving  the  vertical  slide,   by  means  of  a  connecting-rod — the 


bearings  of  the  screw,  which  slide  in  dovetails,  and  consequently 
the  vertical  slide,  being  thus  affected  by  the  eccentricity  of  the 
crank-pin.  The  shafts,  A,  H,  and  I,  and  screws,  G  and  K,  are  con- 
nected by  a  system  of  wheels,  the  arrangement  of  which  is  clearly 
shown  in  the  end  view,  fig.  2 ;  but  G,  ii,  I,  and  k,  may  be  discon- 
nected from  their  respective  wheels  at  pleasure  by  clutches  or 
frictional  nuts,  a,  g,  h,  i,  and  l,  also  project  at  the  end  to  the 
right  hand  of  fig.  1,  so  as  to  carry 
F'£-2-  change-wheels    when    necessary, 

and  u  and  I  have  intermittent 
ratchet-feeding  movements  at  the 
opposite  end,  similar  to  that  at  E, 
for  working  the  tangent-screw. 
All  these  are  worked  by  the  re- 
versing bar  in  connection  with 
the  screw,  k.  An  ordinary  re- 
versing movement,  M,  is  interposed 
between  the  guide-screw,  E,  and 
its  driving-wheel,  for  reversing 
the  motion  in  sliding  and  screw- 
cutting.  When  the  lathe  is  used 
for  surfacing,  this  reversing  motion 
is  better  applied  on  the  driving-shaft,  A.  Hand  adjustments,  not 
shown  in  the  figure,  are  applied  to  the  boxes  of  the  guide-screw,  <j, 
and  of  the  screws  of  the  vertical  and  transverse  slides  of  the  slide- 
rest.  A  composite  lathe,  thus  geared,  may  be  applied  to  all  the 
ordinary  descriptions  of  work.  For  sliding,  boring,  and  screw- 
cutting,  the  mandrel  is  worked  by  the  pinion,  c,  whilst  change- 
wheels  connect  A  with  G.  The  height  of  the  tool  for  turning  is 
conveniently  adjusted  by  the  vertical  slide  of  the  slide-rest.     Sup- 


pose it  is  desired  to  stop  the  lathe  at  any  particular  point  when 
the  attendant  is  absent,  the  screw,  k,  is  put  in  gear  by  its  clutch, 
and  by  means  of  a  detent  stop-movement,  it  stops  the  lathe  at 
the  precise  point,  by  throwing  the  belt  off  the  fast  pulley  on  the 
end  of  a,  which  travels  with  considerable  rapidity.  If  it  be 
required  to  turn  a  long  cone  of  greater  taper  than  can  conve- 
niently be  done  by  traversing  the  following  head-stock,  the  cut- 
ting-tool is  set  over  the  work  by  raising  the  vertical  slide  by 
its  hand  adjustment,  whilst  G  and  I  are  also  connected  by  change- 
wheels,  so  that  the  slide  rises  or  falls  with  the  cut.  If  a  con- 
necting-rod is  to  be  barrelled,  the  crank-pin  of  the  differential 
apparatus  is  adjusted  for  eccentricity  to  suit  the  rise  of  the  sweep, 
and  L  is  connected  with  G  by  the  change-wheels,  to  spread  the  arc 
over  the  required  length.  The  barrelling  may  be  used  in  conjunc- 
tion with  the  taper  adjustments,  as  will  be  evident  to  the  practical 
mechanic.  The  same  parts  apply  equally  to  rectilinear  cutting, 
whether  parallel  or  taper,  in  all  directions  of  the  cube,  and  for 
barrelling  in  a  vertical  plane,  the  pinion,  C,  being  disconnected 
with  the  mandrel,  and  the  feed  being  applied  by  the  intermittent 
ratchet  motions.  For  cutting  the  hollows  of  connecting-rods, 
&c,  an  intermittent  revolving  motion  is  given  to  the  tool  by  a 
tangent-screw  movement  as  usual,  but,  in  addition,  applying  to 
cranks  and  levers  held  on  the  face-chuck ;  or,  instead  of  the 
latter  movement,  the  work  may  be  set  eccentrically,  the  hollows 
being  then  worked  by  the  tangent-screw  movement  in  connection 
with  the  mandrel. 

Edge-cams,  snails,  volutes,  of  spiral  curvature,  with  any  num- 
ber of  rises,  or  compounds  of  circular  and  spiral  arcs,  of  which 
fig.  3  gives  examples,  may  be  accurately  shaped  or  planed  on  the 
edges,  by  connecting  the  tangent-screw  with  the  transverse  slide 
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their  solos  are  planed.  A  second  chuck  (dotted)  may  bo  super- 
posed for  fixing  work  vertically ;  and  a  slide  may  be  added  to 
draw  up  the  work,  which  may  then  project  between  the  bearers 
of  the  bed.  For  long  works,  a  bed-chuck  is  used  at  each  end. 
Levers,  also,  may  be  passed  between  the  bed,  by  means  of  a  dia- 
metric slide  on  the  face-chuck,  when  requisite. 

We  now  come  to  Plate  13  itself  in  detail.  That  plate  repre- 
sents a  side  elevation  of  a  composite  slotting  and  shaping  ma- 
chine, with  self-acting  gearing,  as  adapted  for  the  entire  finishing 
of  large  cranks,  levers,  wheels,  and  other  work,  ordinarily  depen- 
dent upon  the  efforts  of  several  tools.  The  main  frame  consists 
of  a  large  and  elegant  column,  with  an  open  rectangular  base,  and 
bottom  flange  for  bolting  down  to  the  masonry.  The  upper  por- 
tion has  cast  upon  it,  on  one  side,  a  pilaster  bracket  piece,  with 
two  horizontal  projecting  arms,  to  carry  the  vertical  cutting  slide, 
A ;  and  on  the  other,  a  pillar  bracket  to  support  one  end  of  the 
main  crank  disc  shaft ;  on  the  front  side  of  the  rectangular  base 
is  bolted  a  double-armed  bracket,  to  carry  the  vertical  spindle  of 
the  cutting  face-chuck,  like  the  mandril  and  face-plate  of  a  large 
lathe,  as  set  on  end.  The  cutting  slide,  A,  like  that  of  a  common 
slotting  machine,  is  fitted  to  traverse  in  dovetail  faces  on  the 
overhead  bracket  arms,  being  actuated  by  the  revolution  of  the 
pin  in  the  disc,  B.  At  c  are  two  pairs  of  bevil  pinions,  connected 
to  work  simultaneously  by  an  intermediate  vertical  shaft,  D,  the 
two  vertical  pinions  being  each  on  the  projecting  end  of  a  hori- 
zontal screw  spindle,  governing  the  traverse  motions  of  a  pair  of 
horizontal  dovetailed  slides,  on  which  the  vertical  slide  faces  of 
the  slotting  bar,  A,  are  carried.  This  is  for  adjusting  the  eccen- 
tricity of  the  tool  in  turning.  Viewed  from  the  front,  the  fram- 
ing of  these  slides  has  the  form,  I,  of  which  the  vertical  portion 
and  the  two  arms  to  the  left  are  covered  by  the  moving  details, 
the  latter  being  completely  thrust  in  when  the  cutting  tool  of  the 
slide,  a,  exactly  coincides  with  the  centre  of  the  revolving  work 
on  the  face-chuck,  as  also  with  the  crank  disc,  B.  At  E  is  an- 
other shaft  for  giving  a  continuous  feeding  motion  to  the  trans- 
verse slides,  by  the  intervention  of  a  worm  and  tangent-screw,  or 
worm-wheel.  This  corresponds  to  the  traverse  or  surfacing 
movement  in  the  lathe.  A  hand-wheel,  f,  is  fitted  on  the  pro- 
longed end  of  the  shaft,  d,  for  manual  adjustment  when  the  worm- 
wheel  gear  is  disconnected  by  slackening  the  screw,  g,  the  bear- 
ing, H,  at  the  other  end  of  the  spindle  being  constructed  with  a 
joint  to  allow  of  this  disengagement.  Another  shaft,  I,  carries  a 
spur  pinion  to  actuate  the  rack,  J,  on  the  cutting  slide,  this 
pinion  being  capable  of  traversing  on  the  shaft  by  means  of  a 
groove  and  feather,  along  with  the  slides  of  the  cutting  bar.  In 
this  way  a  continuous  vertical  feed  motion,  for  turning  or  boring, 
is  secured,  the  shaft,  I,  being  connected  with  the  shaft,  k,  by  a 
worm  and  wheel;  the  hand-wheel,  L,  on  the  bottom  end  of  a  verti- 
cal shaft,  connected  at  its  upper  end  to  the  shaft,  k,  by  a  pair  of 
bevil  pinions,  is  the  hand  adjustment.  This  motion  serves  also 
to  adjust  the  cutting  bar,  previous  to  tightening  the  nut  on  the 
stud  bolt  in  front,  for  the  reciprocating  action.  During  the 
working  of  the  reciprocating  cutter  slide,  however,  this  adjusting 
gear  is  disengaged,  and  is  kept  disengaged  by  an  eccentric  and 
slide  actuated  by  the  hand-wheel,  N,  which  moves  the  entire 
adjustment  in  one  mass.      At  the  back  of  the  cutter  slide,  near 


the  upper  end,  is  a  nut,  o,  whereby  the  crank  disc  connecting-rod 
may  be  detached  when  wide  lateral  ranges  of  the  slide  are  wanted 
in  turning.  The  general  details  of  the  driving  gear  for  the  turn- 
ing and  planing  actions,  are  fully  delineated  in  the  plate  ;  but  it 
may  be  explained,  that  at  r  is  a  hand-lever,  working  over  a  semi- 
circular arc,  suitably  notched  and  contrived  to  shift  the  bearing, 
Q,  of  the  horizontal  shaft,  e,  by  an  eccentric,  so  as  to  throw 
either  of  the  opposed  or  antagonistic  bevil  wheels  on  this  shaft  into 
gear  with  its  corresponding  bevil  wheel.  This  movement  enables 
the  workman  to  connect  either  the  circular  action  of  the  face- 
chuck,  through  the  large  bevil  wheel  beneath  it,  or  the  rectilinear 
action  of  the  cutting  slide,  by  means  of  the  vertical  shaft  passing 
up  the  centre  of  the  main  column,  and  geared  to  the  horizontal 
crank  disc  shaft  above,  by  a  bevil  wheel  and  pinion,  or,  by  setting 
this  adjustment  at  an  intermediate  position,  both  may  be  disen- 
gaged. At  S  is  a  foot -break  lever  to  stop  the  revolution  of  the 
work  when  heavy  masses  are  under  operation,  a  friction  strap 
from  this  lever  being  passed  over  a  pulley  on  the  shaft,  r,  for  this 
purpose. 

At  t  is  a  cone  pulley,  working  in  connection  with  the  cone  pul- 
leys on  the  two  upper  or  continuous  feeding  shafts,  for  the  circular 
cutting  action,  the  respective  pulleys  being  set  to  coincide  verti- 
cally when  connected.  The  face-chuck  can  be  fixed  during  the 
reciprocating  action  of  the  cutting  slide,  by  the  clamp,  u.  This 
clamping  movement  consists  of  a  worm,  with  a  square  spindle  for 
shipping  on  a  handle,  driving  a  worm-wheel  on  the  end  of  a  spin- 
dle, connected  interiorly  with  a  segmental  wedge,  the  sides  of 
which  are  portions  of  a  right  and  left  screw-thread  respectively. 
The  upper  part  of  this  segmental  piece  is  flattened,  to  permit  the 
free  revolution  of  the  face-chuck  when  driven  by  the  screw  gear- 
ing, as  indicated  by  the  large  worm-wheel,  in  gear  with  a  worm 
fast  on  the  spindle  of  the  main  front  hand-wheel.  Near  the  base  of 
the  tool  is  a  hand-wheel,  v,  for  the  angular  adjustment  of  the 
mandril  frame  or  headstock  for  taper  work.  For  this  purpose 
the  headstock  is  attached  to  the  main  frame  by  a  central  tenon 
and  circular  dovetails,  which  afford  a  support  during  the  slacken- 
ing of  the  holding  bolts. 

An  eccentric  chuck,  having  two  slides  at  right  angles  to  each 
other,  and  an  upper  worm-wheel  adjustment,  is  fitted  on  the  face- 
chuck  mandril.  The  lower  slide,  for  giving  the  intermittent  feed 
in  shaping  the  rectilinear  sides,  w,  of  a  crank,  has  a  double-acting 
ratchet-wheel,  temporarily  connected  by  a  rod  with  the  correspond- 
ing  feeding  disc  of  the  large  worm-wheel  on  the  face-chuck,  when 
the  latter  is  fixed  at  u.  The  intermittent  feed  is  primarily  derived 
from  the  edge-groove  cam  on  the  crank  disc,  b.  This  groove 
works  the  upper  stud-pin  of  a  bell-crank  lever,  set  on  a  stud 
centre  in  the  side  of  the  main  frame,  and  from  the  lower  hori- 
zontal arm  of  this  lever  a  rod  descends  to  the  worm-wheel  me- 
chanism of  the  face-chuck. 

The  upper  side  of  the  eccentric  chuck  is  limited  to  the  ac- 
tual adjustment  of  the  work,  and,  by  means  of  the  two  slides 
conjointly,  adjustments  may  bo  made  for  shaping  the  bosses  of 
the  cranks,  as  well  as  the  hollows  at  x.  The  obliquity  of 
the  straight  sides,  vf,  of  the  crank  is  adjusted  by  the  upper 
screw-wheel,  which  need  only  be  of  a  diameter  equal  to  the 
length  of  the  crank ;  or,  instead  of  this  plan,  the  sides,  W,  may 
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equal  quality ;  to  be  three-fourths  of  an  inch  thick.  The  plates 
of  the  smoke-boxes  and  smoke-box  door  to  bo  of  the  best 
Staffordshire  iron,  five-sixteenths  of  an  inch  in  thickness.  The 
chimneys  to  be  made  also  of  Staffordshire  iron,  one  quarter  of  an 
inch  in  thickness ;  and  the  whole  of  the  parts  of  the  boilers  and 
smoke-boxes  to  be  made  and  fitted  up  in  the  manner  shown  in  the 
drawings,  which  will  be  supplied. 

The  Fire-boxes  to  be  made  as  shown  in  drawing,  and  intro- 
duced as  shown  in  the  cylinder  part  of  the  boiler,  four  feet  nine 
inches ;  to  be  made  of  the  best  copper  plate,  free  from  all  defects 
when  worked.  The  tube-plate  to  be  three-fourths  of  an  inch  in 
thickness  where  the  tubes  are  fixed.  The  sides  and  end  plates  to 
be  three-eighths  of  an  inch  thick,  and  the  roof-plates  to  be  seven- 
sixteenths  of  an  inch  thick.  The  bottom  plates  to  be  one-half 
inch  thick.  The  boxes  to  be  made  with  a  middle  partition  in 
them  ;  the  plates  of  these  partitions  to  be  of  copper,  made  three- 
eighths  of  an  inch  in  thickness,  and  formed  as  shown  in  drawing. 

The  following  are  the  leading  inside  dimensions  of  the  fire-box  : 
— Length  on  fire-bar  to  be  five  feet  ten  inches  and  one  quarter. 
The  length  at  roof  to  be  ten  feet  six  inches.  Depth  above 
fire-bars  at  front  plate,  six  feet  five  inches.  Depth  at  door-plate, 
six  feet  ten  inches.  Width  on  fire-bar,  four  feet.  Length  in 
cylinder  of  boiler,  four  feet  nine  inches.  Height  at  narrowest 
part,  two  feet  three  inches.  Height  at  tube-plate,  three  feet. 
Width  at  tube-plate,  three  feet  nine  inches. 

The  top  of  the  box  to  be  supported  by  twenty-five  wrought- 
iron  bearers,  twenty  of  which  to  be  five  inches  deep  by  one  inch 
thick,  and  the  five  nearest  tube-plate  five  inches  deep  by  one  and 
a  half  inches  thick.  These  bearers  to  rest  at  their  ends  on  the 
side  plates  of  the  fire-box;  and  to  be  screwed  to  the  top  plate  by 
bolts  one  inch  diameter,  placed  four  and  a  half  inches  from  centre 
to  centre,  screwed  into  the  top  plate.  The  screw  to  be  of  fine 
thread,  next  head  of  bolt,  to  be  one  inch  and  an  eighth  dia- 
meter ;  the  head  of  the  bolt  to  be  inside  the  fire-box,  and  a  nut 
on  the  end  of  the  bolts  on  the  top  of  the  bearers,  with  one  inch 
screw. 

The  Fire-box  to  be  stayed  to  the  boiler  by  copper  bolts,  seven- 
eighths  of  an  inch  diameter,  screwed  into  the  plates  with  a  fine- 
threaded  screw,  having  both  ends  riveted  carefully,  and  placed 
four  inches  apart  from  centre  to  centre.  This  also  applies  to  the 
mid  partition. 

The  end  plates  above  the  fire-box  to  be  stayed  to  the  smoke- 
box  tube-plate,  by  connecting  them  together  by  two  stay  bolts, 
each  one  inch  and  a  quarter  diameter. 

The  Tubes  to  be  of  brass,  and  made  the  very  best  quality,  by 
the  manufacturer  who  supplies  the  company  at  present ;  or  of 
other  equal  quality,  and  to  the  approval  of  the  company's  en- 
gineer. There  will  be  three  hundred  and  three  tubes  in  each 
engine ;  the  size,  one  and  three  quarter  inches  outside  diameter, 
to  section  furnished ;  and  the  thickness  of  metal  to  be  No.  12 
wire-guage  at  fire-box  end,  and  No.  14  wire-guage  at  smoke-box 
end. 

The  Wheels  are  to  be  made  entirely  of  the  best  scrap  wrought- 
iron,  and  of  the  very  best  workmanship.  The  driving-wheel, 
without  the  tyre,  to  be  seven  feet  one  and  a  half  inches  diameter. 
The  tyres  to  be  of  the  best  Lowmoor,  Bowling,  or  of  equal 


quality ;  to  be  finished  five  and  a  quarter  inches  wide,  and  two 
and  a  quarter  inches  thick  on  the  tread.  The  sizes  of  the  wheel 
in  all  its  parts  will  be  furnished  by  the  company's  locomotive 
engineer  at  Wolverton. 

The  Cranh  Axles  to  be  made  of  the  very  best  iron  from  the 
Lowmoor,  Bowling,  or  the  Haigh  foundry  forges,  or  of  other 
equal  quality,  complete  and  perfect  to  the  sizes  given  when 
finished.  A  full-size  drawing  of  the  crank-axle  in  its  parts  will 
be  supplied.  The  outside  bearings  to  be  seven  inches  diameter, 
and  ten  inches  in  length.  The  inside  hearings  seven  inches  dia- 
meter, and  four  and  a  quarter  inches  in  length.  The  crank 
bearings  to  be  seven  inches  diameter,  and  four  inches  in  length. 

The  Straight  Axles  to  be  tubular,  as  shown  in  the  drawing,  of 
best  quality  of  iron,  seven  and  a  quarter  niches  external  diameter, 
and  one  and  a  half  inch  thick  of  metal.  The  bearings  of  the 
leading  and  trailing  axles  to  be  the  same  size  as  the  crank;  viz., 
seven  inches  diameter  by  ten  inches  long. 

The  Axle  Boxes  and  brass  bearings  to  be  made  according  to  the 
drawing  which  will  be  supplied. 

The  Springs,  links,  and  attachments  to  the  axle-boxes,  to  be 
supplied  by  the  company,  and  applied  according  to  the  instruc- 
tions of  their  engineer  at  Wolverton. 

The  Pumps  to  be  made  of  tough  brass  to  the  drawing  furnished. 
The  clacks  and  boxes  to  be  accurately  finished  and  fitted.  The 
pump-rams  to  be  made  of  strong  tough  brass,  with  wrought-iron 
cross-heads,  as  per  drawing. 

The  Steam  Pipes,  blast  and  feed  pipes,  to  be  made  of  the  best 
copper,  three-sixteenths  of  an  inch  thick,  with  copper  flanges,  as 
per  drawings  to  be  supplied. 

Regulator  to  be  made  of  brass,  on  the  equilibrium  principle,  as 
per  drawing. 

The  Eccentric  Strajis  to  be  made  of  the  best  wrought-iron,  lined 
with  gun  metal  of  the  best  quality,  according  to  drawing,  ac- 
curately fitted,  and  to  have  all  the  oil  siphons  forged  on. 

The  Slide  Valves  to  be  made  of  gun  metal,  and  to  have  an  out- 
side lap  of  one  and  a  quarter  inch.  They  are  to  have  an  oil 
or  grease  cup  attached  on  each  side  of  the  smoke-box,  to  lubricate 
them. 

The  Connecting-rods  to  be  made  of  the  very  best  quality  of 
wrought-iron,  fitted  accurately.  The  straps  to  be  made  as  per 
drawing,  and  the  oil  siphons  to  be  forged  on  them. 

The  Expansion  Gear  to  be  made  as  per  drawing,  all  the  work- 
ing and  wearing  joints  and  surfaces  to  be  steeled  and  hardened,  or 
case-hardened.  The  distance  from  the  centres  of  the  leading 
wheel  axle  to  the  centres  of  the  middle  axle,  to  be  exactly  eight 
feet  four  inches,  and  from  the  centre  of  the  middle  to  the  centre 
of  the  trailing  axle,  eight  feet  six  inches. 

These  Engines  are  to  be  manufactured  of  the  very  best  mate- 
rials and  workmanship  throughout,  and  supplied  in  every  respect 
with  water-guages,  steam-taps  for  heating  water  in  tender,  whistle 
blow-off  cocks,  cylinder-cocks,  pet-cocks,  reversing  and  expan- 
sion gear  worked  from  the  foot-plate;  screw  draw-bars  (proper 
and  in  duplicate),  ash-pan,  damper,  sand-boxes,  a  full  set  of  tools, 
lamp-irons,  &c. 

Detail  drawings  of  all  the  parts  will  be  supplied  by  the  com- 
pany's engineer  at  Wolverton,  previous  to  manufacture. 
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WOOD-PLANING  MACHINE. 
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and  thus  indicates  the  exact  "  set  "  of  the  cutters  for  the  particu- 
lar breadth  of  timber  under  treatment. 

As  the  deal  is  passed  into  the  machine  to  be  planed,  it  is  first 
of  all  entered  beneath  the  nipping  feed  cams,  re,  which  carry  it  con- 
tinuously forward  to  the  cut.  Each  nipping  arrangement  consists 
of  a  horizontal  traversing  plate  of  metal,  b,  tongued  at  its  opposite 
ends,  to  slide  freely,  but  accurately,  in  corresponding  grooves  in 
the  top  plates,  c,  of  the  standards ;  and  upon  these  plates,  c,  are 
attached  a  pair  of  vertical  parallel  standards,  d,  connected  at 
their  upper  ends  by  a  light  cross  bar,  e,  which  answers  as  well  for 
the  bearings  of  the  overhead  cross-adjusting  spindle,  /,  for  the 
"  set "  of  the  nippers.  Each  standard,  d,  is  slotted  down  its 
centre,  to  receive  and  guide  the  traversing  nut-bearings,  g,  of  the 
cross  cam-spindle,  h,  a  screw-spindle,  i,  being  passed  down  from 
above,  and  through  the  nuts,  g,  so  as  to  enable  the  cam-spindles, 
h,  to  be  set  up  or  down  by  the  screw  action.  This  screw  action 
is  worked,  when  necessary,  by  handles  shipped  on  to  the  end  of 
the  cross-spindle,/,  by  the  workman,  who  thus  works  the  screws 
simultaneously  through  the  two  pairs  of  small  bevil-wheels,_/. 
Each  cam-spindle,  h,  has  an  eccentric  cam,  a,  loosely  hung  upon 
it  by  an  eye,  the  cam-eye  being  entered  upon  the  spindle  up 
against  an  adjustable  collar,  k,  on  the  latter  ;  and  the  cam-spindle, 
h,  is  set  fast  in  the  standard  slots  by  the  outside  adjusting  nut,  I. 
Thus  arranged,  the  nipper  forms  a  complete  traversing  frame, 
capable  of  free  horizontal  movement  along  its  guide  grooves. 
Beneath  the  level  of  its  traverse  support,  two  projecting  eye- 
pieces, ra,  are  cast  on  the  plate,  b,  each  eye  carrying  a  joint-stud, 
n,  whence  short  links,  o,  pass  to  corresponding  eyes,  p,  on  the 
upper  ends  of  the  two  sides  of  the  vibrating  lever  frame-piece,  q. 
Each  frame  is  carried  on  a  stud  centre,  r,  in  the  framing,  and 
each  has  a  bottom  joint-eye,  s,  for  connection  by  a  link-rod,  t,  to 
the  actuating  cam-feed  mechanism  at  the  front  or  entering  end  of 
the  machine.  Each  frame  has  also  a  heavily-weighted  bent  lever, 
ft,  attached  to  its  bottom  cross  bar,  and  contrived  so  as  to  tend  to 
draw  the  frame  continually  backward  in  the  opposite  direction  to 
the  traverse  of  the  wood. 

The  primary  movement  is  given  to  the  entire  series  of  these 
nipping  feeders — of  which  there  are  six  altogether,  three  being  at 
each  end  of  the  machine — by  a  toothed  pinion,  ?',  on  the  first 
motion  shaft.  This  pinion  gears  with  a  large  toothed  wheel,  w, 
set  on  a  cross  shaft,  x,  and  carrying  a  second  pinion,  y,  in  gear 
with  a  second  spur-wheel,  z,  fast  on  the  actuating  cam-shaft,  4. 
On  this  shaft  are  keyed  the  three  separate  cams,  or  differential 
eccentric  pieces,  1,  2,  3.  Opposite  to,  and  over  the  periphery  of 
each  cam,  is  set  an  antifriction  pulley,  5,  carried  on  the  horizon- 
tal arm  of  a  bell-crank  lever,  G,  the  three  bell-cranks  being  carried 
loosely  on  a  stud  shaft,  7.  The  longer  vertical  arms  of  these 
bell-cranks  are  connected  by  eyes,  8,  at  their  lower  ends  to  the 
respective  rods,  6,  which  are  severally  linked,  as  already  de- 
scribed, by  end  and  intermediate  eyes,  to  the  bottom  of  each  of 
the  nipping  frames.  The  three  cams  are  so  set  at  starting,  that 
they  shall  each  act  at  different  periods  of  the  revolution  of  their 
carrying  shaft,  in  such  manner  that  a  uniform  feed  action  may  be 
given  to  the  board  passing  through  the  machine.  In  other  terms, 
they  are  set  at  equal  distances  asunder  in  the  direction  of  revolu- 
tion of  their  shaft,  each  cam  being  linked  to  and  made  to  actuate 


two  nippers.  Thus,  the  corresponding  nippers  of  each  pair  have 
always  the  same  relative  position,  as  marked  1,  2,  and  3.  Then, 
as  the  planing  goes  on,  and  the  cams  revolve,  each  pair  of  nippers  is 
made  to  traverse  forward — say  in  the  direction  of  the  arrows  at  1 — 
by  the  upward  revolving  action  of  the  corresponding  cam.  This 
forward  traverse  is  the  positive  feed  action  ;  for  the  moment  the 
nipping  frame  moves  in  this  direction,  the  prominent  eccentric 
portions  of  the  cams,  a  1,  are  thereby  carried  down,  or  jammed 
hard  upon  the  upper  surface  of  the  timber,  squeezing  it  firm  down 
upon  the  bottom  plates,  b,  so  that  the  timber  is  carried  forward  to 
the  cut,  as  if  it  were  permanently  attached  to  the  nipping  feed- 
frame.  Whilst  this  positive  feed  is  being  given  to  the  wood,  the 
two  pairs,  2,  of  the  nippers  are  being  brought  back  by  the  action 
of  their  weighted  levers,  as  their  corresponding  cam  is  descending 
in  its  revolution  ;  these  two  nippers  are  consequently  slipping  over 
the  wood,  for,  on  the  instant  of  the  return  movement  towards  the 
entering  end  of  the  machine,  the  prominences  of  the  nipping  cams 
are  drawn  out  of  nipping  contact,  and  the  frames  go  back  without 
interfering  with  the  feed  traverse  of  the  wood  in  the  forward  direc- 
tion. As  delineated  in  the  plate,  the  third  pair  of  nippers  are 
still  in  forward  gear,  and  acting,  by  reason  of  the  position  of  their 
actuating  cams,  to  carry  forward  the  wood  in  concert  with  the 
nippers,  1.  By  this  means,  as  each  cam  comes  round,  it  gives  its 
forward  feed  and  back  traverse  in  regular  uniform  succession, 
each  succeeding  nipper  gradually  relieving  the  last  in  feeding 
action.  And  although  two  nippers  always  thus  tend  to  come  into 
action  at  the  same  time,  derangement  cannot  ensue  from  this 
cause,  inasmuch  as  the  quickest  forward  feeding  nippers  at  any 
given  moment  carry  forward  the  wood  free  of  the  other  nippers, 
which  give  way  in  their  nipping  action  to  the  higher  rate  of 
motion,  by  reason  of  the  consequent  slip  or  disengagement  of  the 
nipping  cam.  In  this  way  the  feed  is  constantly  uniform,  as 
although  it  is  furnished  by  three  separate  actions,  yet  each  only 
conies  into  actual  feeding  play  at  the  moment  that  it  is  required 
to  keep  up  the  regularity  of  movement. 

As  the  board  is  thus  carried  forward,  it  comes  first  above  the 
three  finishing  planes  in  the  frame,  9,  over  which  it  is  held  down 
by  the  three  rollers,  10,  which  run  in  adjustable  bearings  held 
down  by  the  helical  springs,  11,  adjustable  to  any  desired  ten- 
sional  pressure  by  the  nuts,  12,  on  their  screwed  spindles,  13, 
carried  in  the  stationary  frames,  14.  After  passing  these  press- 
ers,  the  emerging  end  of  the  wood,  as  planed  and  finished  on  its 
under  surface,  proceeds  beneath  the  duplex  pressing  pulleys,  15, 
set  on  a  stud  centre  on  the  free  end  of  a  lever  arm,  16,  fast  to  the 
horizontal  shaft,  17,  carried  in  end  bearings,  18,  in  the  end  frame, 
and  held  down  by  the  lever  and  weight,  19.  Thence  it  enters 
beneath  the  pair  of  horizontal  pressing  rollers,  20,  similarly  held 
down  by  adjustable  helices,  21 ;  and  it  is  between  these  two  rollers 
that  the  planing  of  the  upper  surface  takes  place.  At  the 
moment,  however,  of  its  passage  beneath  the  duplex  pulley,  15,  it 
is  first  acted  upon  by  the  two  cutting  heads,  S.  In  the  present 
example,  these  cutters  are  arranged  for  tongueing  and  grooving 
the  opposite  edges  of  the  flooring  deal,  as  is  usual  in  laying  floor- 
ing. Thus,  in  the  elevation,  fig.  1,  the  two  square  cutters,  22, 
take  off  the  two  angles  of  one  edge  of  the  deal,  leaving  the  central 
feather  or  tongue  standing  up,  whilst  the  other  double  angular 
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..«   off  the  sharp  nigh  s   frOOJ   tfal 

Again,  i' 

pUin  central  gr  groove, 

whilst  a  fourth  (lupin 

in  a  similar  way.  finish  of 

the  boai  I  -   Id  trail  down  by  tl. 

.  of  the  rotatory  cutter,  or  "  thick- 
newer,"  i .  for  brin  [ing  llie  nppi  r  n  It  of  the  wood  t"  :i  fob  1.  vol, 

the  thlcknon  of  the  deal,  whoa  tbi  battel 
completely  through  the  iM*htw«  in  ■  bmahi  I 


\.  V8HINQ   •:  ICHINE  POB  in."  I 

Ml'I.i:  II. All.  .:. 

Tba  three  rlewi  on  this  plate  illustrate  a  machine,  tlr.-t  in  pi  r- 
.  legation,  and  then  in  plain  gsometrieal  Motion,  preterit. 
ing  gooil  stud:.  •  for  ••  ■  Si  1 1."  and  contrasting  the  working  draw- 
ing with  the  i  rre.     Fig.  1  I 
lion  of  the  washer  complete,  showing  the  whole  of  the  gearing  for 

actuating  the  DOTing  'h  I  ill- ;   fig-  -  it  a  '"ii  ritudinal  section  on  a 

.■I  fig.  .'i  is  a  corresponding  transverse  .section — 
that  is,  at  right  angles  to  tig.  J.      The  main  body  of  the  machine 
:  in  pilar  I  istem,  \.  of  cast-iron,  which  i.s 
;t  half  full  of  the  cleansing  wall  r.     A  oonple  of  horizon- 
tal tranavent  shafts,  B,o,are  passed  through  this  cistern,  being 
.  irrie.i  in  hoarinfli  in  the  two  opposite  side  plates,  ami  projecting 

through  on  one  si.le  to  carry  the  ipOX-whoi  Is.  D,  i  .       These  shafts 
solve  in  the  BUM  direction  by  the  revolution   of 

the  inter liata  driving  shaft  ■  third  spur-wheel,  a, 

in  gear  with  the  other  two.      The  two  shafts.  B,  0,  have  each  a 
pair  of  and  discs,  n.  I,  fust  upon  them,  to  hold  the  diametrically 
opposed  parallel  rafl  ban,  ■'.  which  form  the  flat  winces  or  revolv- 
npon  the  goods  in  the  washing  ne 
ii-iitiite  the  whole  of  the  action. 

IBM  central  wheel,  .  |D  overhead   whe.  1,  h. 

of  similar  sin,  for  actuating  lien,  i.     These  rollert 

aro  of  largi  diameter  and  of  oonaiderable  breadth,  and  si 

■ 

top  of  tht  cistern,  on  which  also  is  a  low  standard,  s, 
for  the  hearing  of  the  overhanging  and  of  the  bottom  roller 
driving  shaft.     Tie  i  tad  ;  hut 

those  of  the  up;.  J    \  I  rl  ieal  sit  its 

of  their  standard-,  bj  id    hand  wloils  at    the 

In  it.  .  bins  for  work,  tie   thefts  and  rails  of  the 

in  on.-  plana,  and  the  wat<  r  levt  l  is 

I    to   tho   line    of  the  shaft    centres.         Th 

d  fed  in  at  o  •  rn,  where  two 

Ihre    it    descends 
roller,  p,  ami  theme  passes  between  the  pair 
ofnippii 

adjustable  by  hand  .  After  leaving 

the  goods  is  again  doi 


i  the  first  pair  of  ver- 
i 

• 
ban,  j.     It  t ■  ■  front 

end  of  th  'r»i  J,  of 

i.  from  the  1 1 
the  second  pair  or  space  of  tho  dii 
finally  returns  through  the  third  gnj 
tin-  wince  bars,  and  is  then  passed  up  beneath  the  guidl   roller,  I  . 

n-t  at  the  watt  r-level  at  tin 

passes  over  the  top  of  i  guide-roll,  r,  v.  and  is  finally 

ing  rollers.    U        As   than   arc  two 
nodi    shown    under    treatment,  it   i.s    ol  • . 
follOW  tin 
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i  nam  r i  i    r i  a i  r 


We  here  illustrate  the  treatment  of  a  piece  of  textile  machinery 
in  a  Comparatively  plain  style.      The   rounds  only   are   slightly 
shaded  up,  whil.-t  reli 
tinting  upon  the  main  framing.     The  loom  is  the  invention  of 

Mr.  William  Milligan  of   Bradford,   who   has  accomplished   in   it 

the  desirable  olji  eta  of  putting  any  number  of  picks  into 

i  warp,  whilst  the  numht  r  of  pi.  h-  are  cap  ibU  of  variation 
without  the  use  of  change  wheels,   or  the  attention  oftht 

on  the  yam  beam,  so  thai  the  warp  may  be  kept  as  tight  as  its 

strength  will  hear,  without  involving  any  un.  v.nm  -«  in  thi 
fabric.      It  has  an  ad\  .11  friction   motions     that  it 

will  neither  slip  nor  frav  the  doth,  and  wiavi  I  «>t  W1  :t  U  wall  as 
dry. 

R  •    1  OH    our  plate  is  a  complete  side  or  end  elevation   of  the 

loom  in  working  order,  looking  on  the  "  taking  up  motion"  side; 

2  it  a  corresponding  longitudinal  or  front  elevation,  thai 

is,  looking  DO  the  cloth -hcam  tide.      The  oloth  1"  am  is  at   A.  being 
carried  on  n  spindle   supported  in  a  slot  in  the  side  Stand 

( ind  of  which  tpindle  it  a  spur-wheel,  a,  outside  thi  ft 

gear  with  the  pinion,  o.     Tbl  tied  on  the  fixed  stud' 

the  wheel,  D,  and  i  ritfa  this  wheel,  which 

with  a  pinion,  i.  oarried  round  along  with  tht 
ratchet-wheel,  r.  Immediately  abovt  the  cloth  beam,  and  ratting 
npon  the  fabrii    in  tba  td  oi  I  thereon,  ami  with  its 

ends  supported  In  verti  In  the  loom  n 

I  rod.  II.      This  rod.  a-   n  1    tl  -  freely  upon  the  folds  of 

cloth  on  the  beam,  It  gradually  elevated  in  its  guide-slol 

additional  fold  of  the  cloth,  as  the  beam  tikes  up  the  fabric  h\  it  s. 
.    tut ii Hi.      The   end   of  the  spindle  of   the  doth  1 

Bl  slotted  lever,  t,  standing  up  at  a  slight 

inclination  with   the  vertical   hue,  ami   behind   the   rod,  11.      This 

h  \er  has  ■,,,  adjustable  pin  in  its  slot,  to  which  pin  is  j. 

end  of  the  link,  ■',  the  othtt  end  of  which  is  similarly  com 

rer,  k.  behind.     Tl  nnt  i  ti  i 

as  we  shall  hereafter  explain,  with  t  ii"'.  '.  keyed 

on  one  end  of  tht  tappt  t  shaft.  \t. 


ikfsuian 


was  am®   m  a  s  >j  j  jn  £ 
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When  the  loom  is  in  action,  as  the  horizontal  rod,  H,  of  the 
cloth-beam  gradually  rises  from  the  accumulated  folds  of  the 
cloth  beneath  it,  it  presses  against  the  inclined  side  of  the  lever,  I, 
raising  it  by  degrees  to  a  vertical  position.  By  this  action,  with 
every  slight  advance  of  the  lever,  r,  towards  the  vertical  line,  it 
thus  pushes  back  the  lever,  K,  by  the  intervention  of  the  connect- 
ing-rod, J,  so  as  to  shorten  the  extent  of  the  traverse  of  the  lever, 
k.  The  latter  lever  works  loose  in  a  fixed  stud  centre,  n,  in  the 
side-frame,  and,  thus  suspended,  it  is  connected  by  its  straight 
pendant  end,  or  lower  arm,  with  the  wheel-work  which  we  have 
just  described,  and  by  its  back  angular  arm,  with  the  eccentric 
tappet,  L,  on  the  same  shaft  as  the  ratchet-wheel,  F;  and  outside 
this  wheel  is  set  the  regulator,  o,  the  lower  eye  of  which  turns 
loosely  on  the  ratchet  shaft  as  a  centre.  This  regulator  is  simply 
a  slotted  lever,  having  a  sliding  piece,  P,  set  to  move  up  and  down 
in  the  slot ;  and  at  its  upper  end  is  a  short  collar,  acting  as  a  bear- 
ing for  the  upper  end  of  a  screwed  spindle,  Q,  the  lower  opposite 
end  of  which  is  passed  through  a  screwed  hole  in  the  sliding- 
piece,  p.  In  this  way  the  sliding-piece,  p,  answers  as  a  nut  for 
the  screw,  Q,  and  the  turning  of  the  screw  consequently  allows  of 
the  raising  or  lowering  of  the  nut  or  slide-piece  at  pleasure.  To 
the  top  of  the  regulator  are  hinged  three  detents,  R,  each  of  which 
takes  into  the  teeth  of  the  ratchet-wheel,  F.  On  first  setting  the 
loom  to  work,  the  height  of  the  slide-nut,  P,  of  the  regulator,  is 
first  adjusted  to  suit  the  required  number  of  picks  to  be  laid  into 
the  fabric  per  inch,  and  the  regulator  and  lever,  I,  are  pushed 
forward  by  means  of  the  lever,  k,  as  far  as  the  rod,  n,  will  permit. 
When  the  loom  is  put  in  motion,  the  eccentric,  L,  daring  one-half 
of  its  first  revolution,  presses  against  the  projecting  angular  end 
of  the  lever,  K,  and  pushes  it  out  to  an  extent  equal  to  its  eccen- 
tricity, whereby  the  regulator  is  drawn  hack,  to  a  corresponding 
extent,  by  the  connecting-rod,  s,  whilst  the  detents,  R,  bring 
round  the  ratchet-wheel,  F.  During  the  remaining  half  of  the 
revolution  of  the  eccentric,  the  angular  tail  of  the  lever,  k,  de- 
scends as  far  as  the  then  degree  of  elevation  of  the  cloth-beam 
rod,  H,  will  permit,  and  the  detents,  R,  are  raised  out  of  their 
position,  and  lifted  as  many  teeth  back  as  is  equal  to  the  distance 
retraversed,  the  three  detents,  T,  suspended  from  the  centre  of 
the  wheel,  P.,  serving  to  hold  the  ratchet-wheel  fast  whilst  this 
change  occurs.  It  will  thus  be  seen,  that  whilst  the  detents,  R, 
are  always  drawn  the  same  distance  during  one-half  revolution  of 
the  eccentric,  the  distance  to  which  they  are  returned  in  the  other 
half  revolution  must  be  less,  as  the  cloth-beam  rod,  II,  is  raised 
higher  by  the  winding  on  of  the  cloth.  The  lever,  I,  should  be 
parallel  with  the  slots  in  which  the  rod,  H,  works,  when  the 
projecting  end  of  the  lever,  K,  is  elevated  to  the  top  by  the 
eccentric,  L,  and  it  should  rest  on  the  rod,  11,  when  the  eccentric 
is  down. 

At  U  is  a  short  lever  connected  with  the  weft-motion  of  the 
loom,  which  lever  raises  the  detents,  t,  by  means  of  a  chain,  off 
the  ratchet-wheel,  to  stop  the  movement  when  the  weft  breaks. 
The  lever,  U,  is  fast  on  one  end  of  the  horizontal  rod,  v,  on  the 
other  end  of  which  is  a  balanced  lever,  worked  by  the  weft  thread, 
on  the  principle  of  the  ordinary  well-known  weft-stopping  ap- 
paratus. 


DUPLEX  STEAM  BOILER. 


EXAMPLE  PLATE 


This,  our  ninth  example  plate,  illustrates  a  most  effective  style  of 
treatment  of  a  stationary  steam  boiler,  its  seating  and  mountings. 
In  these  views  the  convex  and  concave  rounds  are  well  brought 
out,  and  considerable  relief  is  given  to  the  furnace  doors  and  boiler 
ends  by  the  judicious  employment  of  shadows.  The  water  in  the 
sectional  view,  and  more  especially  the 
brickwork  in  the  elevation,  supply 
materials  for  the  development  of  the 
picturesque;  and  the  plate,  upon  the 
whole,  is  a  fair  type  of  a  class  of  work 


-"-^— — ■— ■ — — " 


in  which  a  good  display  is  made  without  much  elaboration.  The 
boiler,  which  is  the  production  of  Messrs.  Bellhouse  &  Co.,  of 
the  Eagle  Foundry,  Manchester,  is  of  the  duplex  or  "twin"  kind; 
that  is,  two  distinct  steam  generators  are  combined  together,  to 
work  as  one  boiler,  the  two  being  placed  side  by  side,  with  a 
central  tubular  chamber  between  them.  It  is  this  intermediate 
flue  which  forms  the  distinguishing  feature  of  the  contrivance,  the 
smoke  and  heated  air  from  the  two  generators  being  passed 
through  this  chamber,  on  their  way  from  their  respective  furnaces, 
to  the  chimney 

Fig.  1,  on  the  plate,  is  a  front  end  elevation  of  the  duplex 
boiler,  as  erected  in  brickwork ;  fig.  2  is  a  transverse  vertical 
section  corresponding,  the  section  being  taken  through  the  two 
furnaces,  the  brickwork  and  flues,  and  the  overhead  steam-chest; 
fig.  3,  the  wood  engraving  in  the  body  of  the  description,  is  a  lon- 
gitudinal section  of  the  arrangement,  taken  through  the  inter- 
mediate chamber,  the  external  flues,  waterways,  and  the  steam- 
chest  ;  and  fig.  4  is  a  sectional  plan  to  correspond.  Both  these 
latter  views  are  drawn  to  a  scale  of  one-half  the  corresponding 
views  in  the  plate. 

The  two  boilers  or  generators,  A,  are  of  the  common  cylindri- 
cal, tubular  class,  with  internal  furnaces  and  flues,  B,  running  right 
through  them  from  end  to  end.  They  are  set  in  a  brick  founda- 
tion, C,  suitable  flues  being  formed  in  the  walls  of  brickwork,  to 
answer  for  the  special  arrangements  of  the  combination.  Each 
boiler  is  fired  separately,  through  the  usual  end  furnace  doors,  D. 
and  the  gaseous  products  pass  off  from  each  set  of  furnace  bars  in 
the  direction  of  the  arrows,  the  two  currents  meeting  and  forming 
into  one,  in  the  main  end  transverse  flue,  E,  in  the  brickwork. 
This  combined  current  then  turns  again  towards  the  front  of  the 
boiler,  passing  directly  through  the  intermediate  chamber  of  tubes, 
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r,  which  chnmlKT  is  formed  on  iti  two  walls  by  the  c 
surfaces  of  lh< 

head  arch,  c,  ..f  brnkw wk,  and  tha  maaa  of  ill''  brickwork  base. 
Tho  ihort  tubes,   ll,   which   cross    tl  tha    two 

it  I 
• 

cum  nt  -1  by  thia    ■' 

spaces,  i  tha  tntennodJ . 

lo  in  ii  •  i    i"    two 

tie  r,  to 
Aid   the   internal  cinnlut ion  ntid  tha   passing   away  of  t! 
Tliis  central  V.  ya  the  current  of  heat 

and   gaseous  products  to  the  front   end   of  tha  bofler,   where  it 
diverge*,  as  at  i,  daaoandiog  into  a  short  transverse  floe,  i 


naimtoi  on  that  aide.  Thia  conveys  the  current 
Into  tha  external  longitudinal  flue,  k,  surrounding  and  covering  in 
a  great  portion  of  the  ooter  aide  and  bottom  of  thai  generator; 

ami  this  line,  K,  then  forms  the  duet  for  the  t»Tt  r t'  the  current 

■  i  end  of  the  boQora.     Baring  reached  thia 

part,  the   current  next  enters  another  bottom   transverse   Hue,  I., 
the  bai  k  end  of  tha  inb  rmediate  chamber  or  cell,  p,  and 
through  this  short  ilue  the  current  enter!  the  external  longitudinal 
Sue,  m,  of  the  i  itor,  precisely  similar  to  the 

ttal  Sue,  i..      In  thia  way,  tliis  latter  generator  is 
:•■  1  externally,  like  the  former  one |  andaa  the  floe  nmi 

nil  the    way    hack   to  the  fomaoa   end   of  the  boil  r.  the    current 

finally  pi  it,  and  through  the  short  branch,  N,  to  the 

chimney.     With  n  boiler  so  contrived,  the  whole  of  the  I 

the  centre  of  tha  bofler  ia  well  exposed  to  the  direct 

heat  of   the   furnaces;   and   t'  portion    of  the 

is  similarly  acted  upon,  and   In-  tr 

itnl  chamber  admits  of  th< 

mboation,  and  t! btainmenl  of  ■ 

from  the  arrangement  of  the  pipes  therein. 
illy  ami   uniformly  heated,  furnish 


each  its  own  supply  of  steam,  through  the  oversea  : 

...  t.,  ii,  aaaaber  of  aa 

rators  no  tiring  all  the 

advantages  uf  an  intermediate  fluc-ctll  butnOOU  each. 


DD2EI  ["-ACTING  MARINE  ENGIK 

i\.\Mi'l.i:   n.Aii: 

Thk  ]  1  Ita    1'    '  rv,  >  careful  study  for  its  round  shading.      The 
i.nt    of   the   right-hand   cylinder    in    the    elevation    is  a 

beautifully-executed  ] .  ind  the  linn,  bold.  Mat  tinting 

of  the  aide  view  of  the  deep  rowa  out  the  pump  and 

smi.ll  branch  pip  i  very  powerfully.     It  is  to  be  remarl 

in  this  instance,  ilat  tints  are  sparingly  need,  the  more  minute 
details  being  left  plain;  hut  tints  were  absolutely  necessary  in  the 
plan,  fur  pun:,'  a  due  idea  of  ih  pth. 

The/'  //  paddJ  imer,  in  which  these  engines  arc 

fitted,  was  built  by  M 

firm  as  well   and  favourably  known  in  connection  with    : 
history  and  modem  practice  iiecturc,  as  is  that  of 

Messrs.    Scott,  Sinclair,   &  Co..    with  man.  This 

veaeel  meaauree  200  tone,  hex  length  ia  146  feet,  breadth 
depth  9  feet;  and   lei  which  we  arc  now  directing 

attention,  are  of  90  nominal  horse  power.  The  two  steam  cylin- 
ders are  each  87  inches  diameter  and  9  f-  i  t  Stroke,  placed  diago- 
nally fore  and   at't    the   ship,   and    nearly  at   right 

other— the  amount  of  diTergenoo  Grom  the  true  r 

a  trilling  extent  due  to  the  looal  UBCBaaitiaa  of  the  hull.  They 
OCCUpy  a  .-pace  on  tin'  vessel's  floor   of   16  Kit  fori  and  aft,   by  6 

trauavereely. 
Wa  bav<  < :"  feeling  in  favour  of  the  oacfllating 

engine   for  moat   marine  and   river   ;  -nit    the 

existence  of  aome  force,  in  what  the  designer     Mr.  t;.  \\ 

— of  the  behalf  of  this  lixod- 

cy Under, direct-action arrangemi  nt.    Me  claims  an  especial  feature 

of  anperiority,  on  the  ground  that  ti  ■  tter  distributed, 

covering  a  large  surface  of  t!  m  ;  whilst  all  i 

nre  firmly  and  rigidly  bound  together,  to  that  no  one  part  can 

yield  from  another.     Pot  thi-  l.iti.  r  roaann.  the  looao  woiklug 

action,  not   UnOOmmon  in  old  oscillators,  can  never  arise 
in    the   enginea   now   1  i  ■      obvioualy  applicable 

either  for  direct  connection  with  paddles,                      1  eon* 

i  \i-tralian  coast- 

.  to  run   bat  ■  Og,  and  Lai 

Ibr  owner,   Captain  K  nut    of 

the  left  thia  country;  and  particularly  as  a 

went  out  u::  ||  B  lidea  this,   later 

aooounta  tell  us  that  lor  an  admirably,  and 

hot  bearing,   although  pal  to 
work   at   once,  just  as  they  left  the  .-  Indeed,    we 

have  the  1..  -t  i  In  tl"    DM)  thai 

linoe  changed  handa  at  an  advance  of  £10,000  upon  bar 
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CHAPTER  XV. 

DRAWING    INSTRUMENTS, 


"  A  good  workman  never  complains  of  his  tools," — although 
a  very  ancient  proverb,  and  having  a  poet  for  its  advocate,  is, 
nevertheless,  one  which  is  very  commonly  used  in  an  incorrect 
sense,  if  it  is  not  indeed  untrue  in  all  its  applications.  It  is 
certainly  a  very  usual  thing  for  a  bad  workman  to  throw  the 
blame  of  his  inefficiency  on  his  tools ;  but  it  is  quite  as  certain 
that  a  good  workman  will  not  work  with  any  but  the  very  best 
tools.  The  draughtsman,  then,  who  aims  at  excellence  and  accu- 
racy in  his  mechanical  delineations,  must  not  only  possess  himself 
of  first-rate  mathematical  instruments,  but  he  must  preserve  them 
in  perfect  order. 

The  varieties  of  drawing  instruments  are  extremely  numerous. 
We  shall,  however,  confine  our  illustrations  to  such  as  are  of  more 
recent  invention,  or  more  improved  construction. 

A  lead  pencil  needs  no  description.  But  the  form  to  be  given 
to  its  working-point  is  a  very  important  subject  of  consideration. 
For  drawing  straight  lines  with  the  assistance  of  a  straight  edge, 
the  point  should  be  flat,  and  slightly  rounded.  Such  a  point  pro- 
duces as  fine  a  line  as  a  conical  point,  whilst  it  is  much  stronger, 
and  preserves  its  integrity  for  a  longer  time.  This  point  may  also 
be  used  in  describing  circles  of  large  diameter,  but  small  circles 
require  a  conical  point. 

Messrs.  Marion,  of  Regent  Street,  London,  have  registered  a  very 
ingenious  little  instrument  fur  sharpening  lead  pencils  and  crayons. 
Our  engraving,  fig.  1,  represents  a  side  elevation  of  the  tool  in  the 
act  of  sharpening  a  pencil.     A  projection,  &,  is  formed  on  the 

side  of  a  piece  of 
FiC-1-  metal,  sufficiently 

large  to  allow  of 
a  conical  aper- 
ture, B,  corre- 
sponding with  the 
required  cone  of 
a  pointed  lead 
pencil.  One  side 
of  this  projection 
is  slotted  to  re- 
ceive the  cutting  edge  of  the  small  knife,  C,  which  is  attached  to 
the  inclined  portion,  D,  of  the  metal  block  by  the  screw,  E,  passing 
through  a  slot  in  the  knife.  A  short  projection,  F,  is  formed  upon 
the  knife  for  the  convenience  of  adjustment,  and  when  set,  it  is 
held  in  position  by  the  two  set-screws,  G.  A  small  handle  is 
screwed  into  the  block  at  H,  from  behind,  for  the  convenience  of 
holding  the  instrument  when  in  use,  and  the  end  of  this  handle  is 
hollowed  to  receive  the  small  projection,  F,  on  the  knife,  c,  for  the 
facility  of  holding  it  when  detached  for  the  purpose  of  sharpening 
the  edge.  An  adjustable  guide,  I,  is  secured  by  the  pinching- 
screw,  J,  by  one  end,  beneath  the  block,  and  is  furnished  with  two 
arms,  k,  jointed  on  to  the  end  of  the  rod  of  the  guide,  for  em- 
bracing the  pencil,  L,  during  the  cutting  operation. 


In  using  this  instrument,  the  pencil  is  simply  passed  between 
the  two  guide-arms,  k,  and  its  end  is  inserted  in  the  conical  hole,  n. 
It  is  then  turned  round  between  the  finger  and  thumb,  and  the 
knife-edge  coming  into  contact  with  the  end  to  be  sharpened, 
quickly  pares  off  the  material.  By  this  simple  apparatus  an  ex- 
cellent point  is  given  to  the  pencil  in  a  very  short  time,  saving 
the  draughtsman  from  all  the  troubles  and  inconveniences  of 
blunt  penknives  and  fractured  lead. 

A  mathematical  drawing-pen  consists  of  a  pair  of  pig,  2. 
flat,  tapered  steel-blades,  fixed  to  a  handle  of  ivory 
or  ebony.  The  ink  is  contained  between  the  blades, 
and  flows  out  from  between  the  points,  the  thickness 
of  line  produced  being  dependent  on  the  distance 
asunder  of  the  points,  which  distance  is  regulated  by 
a  pinching-serew.  In  order  to  maintain  a  uniform 
thickness  of  line,  care  must  be  taken  to  clean  the 
outsides  of  the  points  after  each  fresh  supply  of  ink. 
It  is  often  necessary  to  draw  a  number  of  lines,  of 
different  thicknesses,  immediately  succeeding  each 
other.  In  this  case,  the  inconvenience  of  repeatedly 
turning  the  adjusting-screw  of  the  pen  may  be 
avoided  by  using  a  pen  of  the  construction  repre- 
sented in  figs.  2  and  3.  This  pen  is  the  invention  of 
M.  Maubert,  a  French  engineer,  and  differs  from  the 
ordinary  drawing-pen  in  the  shape  of  the  points,  g,  h, 
of  which  fig.  3  is  an  end  view.  These  points  are 
made  broad  and  rounded,  and  are  bent  at  the  sides, 
so  as  to  present  convex  surfaces  towards  each  other ; 
in  other  words,  they  touch  each  other  at  their 
centres,  but  are  gradually  more  separate  towards 
each  side :  and  in  using  the  pen,  if  a  fine  line  is 
wanted,  it  is  held  vertically  ;  if  a  thick  line  is  needed, 
it  is  inclined  more  or  less  to  either  side,  so  as  to 
bring  the  more  separated  portions  of  the  acting  edges 
in  contact  with  the  paper.  With  the  exception  of 
the  shape  of  the  points,  the  pen  represented  in  fig.  2 
may  be  taken  as  an  example  of  the  best  construction 
of  a  mathematical  drawing-pen.  The  blades  are 
formed  of  a  single  piece  of  well-tempered  steel,  and 
are  fixed  upon  an  ivory  handle,  by  means  of  a  brass 
socket.  In  some  pens,  the  tips  only  of  the  blades 
are  of  steel,  the  remainder  being  of  german  silver,  or 
of  brass  ;  and  one  blade  is  jointed  at  its  root,  so  as  y^ 

to  be  capable  of  being  opened  out  and  cleaned,  when  •  h  > 

necessary.     A  spring  is  fixed  between  the  blades,  f-;,,  3. 

so  as  to  keep  them  open  as  far  as  the  regulating  screw 
will  admit.      Whilst,  on  the  one  hand,  this  facility  in  cleaning  is 
an  advantage,  on  the  other,  there  is  an  accompanying  liability  of 
the  joint  getting  loose,  in  which  case  the  points  can  never  be  kept 
opposite  to  each  other,  and  it  is  quite  impossible  to  preserve  uni- 

2  a 
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■ad  cleanness  of  Using  with  a  pen  in  «uch  ■  Hate.      In 
milking  mechanical  drawings  in  outline,  and  with  shad 
Iiro  thicknesses  of  lining  arc  necessary  ;  ami  for  tl 
secondary  adj'i  •  II  he  (band  I 

Thi»  modification  of  t'  1  bsTentlon  of 

Mr.  G    1'.  K  n.-liaw.     It  is  represented  in  li.-  4.    1 1  hat  a  regulating 


•crew,  a,  like  an  ordinary  drawing-pen ;  and  by  means  of  this 
pointa  arc  set  for  the  thick  or  shadow  Una,  whilat  a 
»,  B|  i»  tntrodaoadi  I  the  thin  ot  foot 

I  be  pen  It  made  with  a  ttrongn  spring  than  oaual,  and 
when  a  fine  line  is  want.  1.  the  p.  .int.-  are  pinched  together  by  the 
f  the  finger*,  ai  b,  win  permit ;  whilat 

a  thick   line  is  produced,  by  allowing  the  pointa  to  Stand  a*  far 
apart  as  the  screw,  a,  is  let  for.      Wr  may  here  remark,  thai  iii 
u-ing  a  drawing-pen  of  any  construction,  care  must  be  taken  not 
to  press  it  igainat  the  straight  edge,  or  ruler,  a*  thi-  will  i 
More  is  not  uniform,  winch  ia  prettj 
to  l»-  the  ease,  whan  any  preaanre  ia  used,  a  line  of  u 
will  he  the  inevitable  reenlt. 

I  r.  tented  ■  duplex  pen,  commonly  known  ia  the 

"  road-pen."     It  is  a  vary  convenient  inatrnment  for  drawing 

lines  in  couples,  parallel  to  each  other.      It  oonaiata  of  two  pens, 

handle,  their  distance  apart  being  regulated  by  a 

screw,  with  a  central  button,  the  portions  entering  the  .••hanks  of 

having  the  thread  in  opposite  direction*,  so  a-  I 
or  thot  the  shanks  according  to  the  direction  in  which  the 
i-  tamed.     The  two  pen*  are  of  the  oaual  construction,  with 
_•  icrewi ;  and  they  may  both  be  sal  for  the  same  thick- 
ncsa  of  lino  or  not,  as  convenient.     Thus,  one  can  be  set  for  the 
face  line,  and  the  other  for  the  shadow,  or  back-line,  of  I 
or  other  parallel-edged    prominence.      This   instrument  is  mostly 

need  in  topographical  drawing. 

natrumenta  is  Mill  to  be  found  a  pen  for 
drawing  dotti  i  line.,  reeen  Ming  the  ordinary  lining  p  n,  in  shape. 

with  the  addition  of  a  small  wheel,  like  a  .-pur-rowel,   and  piloted 

la  the  rounded  pointa  of  the  pen-blades.     The  ink  is  introduced 
l  the  pointa  of  the  rowi  l  paai  through  it, 

and  aro  intended  to   t:  paper   heneath  just  sufficient 

1 11  action  of  the  instrument. 

li  vary  imperfect,  and  it  i- all  hut  diaearded  by  modern 

draughtsmen,  who  prefer  drawing  dotted  linea  with  the  ordinary 

tl  i  rowel  dotting  pen, 
»hen  in  perfect  working  condition,  i-  be)  m  bringing  il  to  thai 

th*  pit.  h  and  depth  Of   the  dolt,  d  lining  are 
liable  to  constant  variation,  according  ai  the  w..rk  in  band 
■  lie ;  ami  with  the  common  pen,  tl 

.1  bind* 

him  dowi    '  of  line. 

Wean  nch  draughta- 


t  action,  and  capah'.. 

tted  linings.      1  at  is  re- 

gion, and 
the  litter  a  tr.e 

or  run- 
...     The  last 

Upon  a  steel  stud,  riveted  to  the  plate,  I'.,   and  of 

.  for  the  fake  i  • 
This  stud,  likewise,  carries  a  di-c.  /.,  ma! 

volv*  with  the  whet  l.  >.,  by  mi  ana  of  a  ; 
entering  a  socket  In  I  \  nut  is  passed 

on  the  ,i„  the 

wheel  and  di-c.      The  di-c.   /.,    ia   of  slightly  less 

•  rthan  the  wheel, ...  and  it  li  formed  with 

indentations,  to  act  as  a  rotatory  cam.      Imine- 
above  the  disc  la  the  lever,  >i,  which 

carries  a  pencil,  or  pen,  of  the  ordinary  o 
lion.      Tho  lever,    It,  vihr..-  ■..•pin, 

securing  it  to  the  framing,   B,  and   it   i-  ] 
down  by  a  blade-spring,  ./.     It  i-  formed  with  a 

tiOD,  c.  which  .  i  ' 

periphery  of  the  disc,  '-:  s..  thai  th.    i 

■   it.   and  with    it  the  j 
and  fall.      The  action  of  the  instrument   is  ob- 
vious. 

•■■of  a  ruler,  or  square,  the  wheeh 

permitted  to  run  on  the  paper;  thil  motion  turns 

and  causes  the  | 
touch  the  paper  at  interval-,  according  to  the 
character  of  the  indentations  on  [hi 
pulley,  r.  is  simply  to  preserve  the  level 

initrument,  and  is  carried  loose  on  a  pin,  H 
into  tlic  frame,    B.      A  Dumber   of 
vided  with  different   pattema  ot"  indentations,  so 
thai  any  001  n.  iv  I..-  substituted  for  the  di 
cones] 1  to  the  description    of  dotted   line  the 

draughtsman  desires  to  produce. 

A  draughtsman  require!  at  vera!  .1.  srriptionsof 
compasses.     The  simplest  are  distinguii 

dividers,  and   ale   «i  -  -  ■  I  for  transferrin.;  mi 

mints  from  a  drawing  whii  h  I  I.  or 

from  a  scale;   and  also,  as  the  name  ImpUi 
dividing  line-  and  circle!  into  e.pi.d  parts.       Tor 
this  latter  purpose,   it    il  on    the  trial   and   error 
system  thai  they  are  employed,  if  at  all.     I  >i\  i.lcrs 

constat  of  a  pair  of  lege,  pointed  at  on.-  end,  ami 
jointed  together  at  the  other ;  the  pointa,  and  a 
considerable  portion  of  the  leg,  being  of 
while!  the  shank-  en  man  silver,  or  oompoaition- 

m.tal.     German  silver  or  eompoaition  mi  tal  i-  to  be  pi.  fi  rr.  .1 1.. 
I  sooner,  contractu 

■    of    the    hand, 

..li.  .1  by  an  unpleasant  odour.     Th.-  joint  of  the  .li\  i.t.  r-. 

and  of  all  compasses,  i  be  made  free  from  ail 

lateral  looaeneM     'lie   mod  ordinary  kind  I  -imply 

\\  .    li  IVO,   n    i  i.linary 
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ones  riveted  together.     The  better  kind  have  a  steel  pin  passed 
through  the  loaves  of  the  joint,  upon  which  a  flat  brass  or  other 


metal  nut  is  passed,  at  the  further  side.  This  nut  has  two  small 
holes  upon  its  face,  for  the  introduction  of  the  points  of  a  turn- 
screw,  to  be  met  with  in  most  sets  of  instruments.  The  joint- 
leaf  of  one  leg  of  a  pair  of  compasses  is  usually  of  steel,  as  this 
arrangement  gives  a  smoother  action  than  when  both  sides  of  the 
joint  are  of  the  same  metal.  The  better  kind  are  also  made  with 
two  steel  leaves  on  one  side,  which  are  introduced  between  three 
brass  ones  on  the  other  ;  but  some  have  only  one  leaf  on  one  side, 
and  two  on  the  other.  A  perfect  compasses-joint  is  a  thing  seldom 
met  with,  and  draughtsmen  are  continually  subject  to  annoyance, 
arising  from  the  inequality  of  action  of  the  joints  of  their  com- 
passes. After  some 
little  usage,  these 
parts  invariably  im- 
bibe the  bad  habit  of 
an  alternate  tightness 
and  looseness,  so  that 
when  the  screw  is  adjusted  to  tighten  the  joint  for  one  part  of 
its  movement,  the  objectionable  slackness  is  only  removed  at  the 
expense  of  an  equally  provoking  stiffness  in  another  part.  Messrs. 
Bentley's  "spiral  spring  compasses"  aim  at  remedying  this  evil, 
by  the  adaptation  of  a  small  coiled  spring  to  the  joint,  in  such  a 
manner  as  to  equalize  the  pressure  of  the  frictional  surfaces 
throughout  the  entire  movement.  Our  sketch,  fig.  8,  which  re- 
presents a  side  view  of  the  end  of  the  centre  joint  of  the  compasses, 
explains  the  mode  of  application  of  the  spring.  The  centre  joint, 
A,  which  is  sectioned  to  show  the  spring,  has  a  recess  bored  out  of 
one  side  of  it,  just  large  enough  to  receive  the  short  coiled  spring, 


B.  When  this  centre  joint  is  inserted  between  the  two  eyes 
forming  the  outer  joints,  the  spring  reacts  from  the  bottom  of  its 
box  against  one  of  the  eyes  or  cheeks  of  the  outside  joint,  thus  keep- 
ing up  a  regular  smooth  working  pressure  on  the  joint  surface. 

Externally,  this  little  modification  in  no  way  affects  the  appear- 
ance of  the  instrument,  as  the  spring,  being  entirely  embedded  in 
its  recess,  is  not  seen.  At  a  mere  trifle  in  the  increase  of  the 
cost,  an  important  objection  is  here  remedied  by  very  simple 
means. 

Some  dividers  are  made  with  one  of  the  legs  so  fitted  as  to  be 
capable  of  a  slight  adjustment  independently 
of  the  main  joint.       These  are  called  "  hair  Fig.  9. 

dividers,"  and  are  represented  in  fig.  9.  The 
leg,  A,  is  not,  like  the  other,  soldered  to  the 
shank,  but  is  formed  with  a  long  thin  strip  of 
metal,  which  lies  in  a  groove  on  the  inside  of 
the  shank,  and  is  fixed  to  the  latter  by  a  screw, 
at  its  upper  end,  near  the  compasses  joint. 
This  thin  strip  acts  as  a  spring  to  bring  the 
point,  a,  nearer  to  the  point  of  the  other  leg. 
A  screw,  B,  passed  through  the  shank,  adjusts 
the  point,  A,  a  slight  distance  in  or  outwards, 
thus  affording  a  means  of  taking  measurements 
more  minutely  accurate  than  with  the  mere 
direct  action  of  the  hand  upon  the  main  joint. 
Our  fig.  9  may  be  taken  as  the  representation 
of  a  very  excellent  style  of  dividers.  The 
points  should  be  strong,  and  not  too  finely 
tapered,  and  they  should  meet  when  the  in- 
strument is  closed. 

All  sets  of  instruments  contain  a  large  pair 
of  compasses,  in  addition  to  the  dividers,  which 
is  usually  of  similar  construction,  except  that 
one  of  the  legs  is  made  to  fit  into  a  socket  in 
the  shank,  and  a  pencil  or  pen  may  be  substi- 
tuted, as  required.  The  pencil-holder  and  pen 
are  both  jointed,  so  that,  in  every  case,  they 
may  be  put  in  the  best  position  for  action.  In 
the  better  kind,  the  fixed  leg  is  also  jointed  ;  so 
that  in  describing  circles  of  large  diameter,  the 
centre  point  may  still  be  entered  vertically  into 
the  paper.  A  lengthening  bar  is  also  provided,  which  can  be  fitted 
into  the  shank-socket,  whilst  the  pen  or  pencil  can  be  placed  at 
the  end  of  the  bar  thus  giving  the  compasses  a  greater  range. 

In  figs.  10  and  11,  we  have  represented  a  modification  of  this 
instrument,  of  German  invention.  This  tool  has  no  separate 
pieces,  but  is  so  arranged,  that  a  pen,  pencil,  or  point,  may  be 
brought  into  action  as  desired.  The  shanks  are  forked,  and  the 
leg  pieces  are  jointed  to  their  extremities.  One  of  the  leg  pieces 
is  formed  with  a  steel  point  at  one  end,  and  a  pen  at  the  other ; 
whilst  the  other  leg  has  a  steel  point  at  one  end,  and  a  lead  pencil 
at  the  other.  The  legs  are  jointed  to  the  shanks  by  their  longi- 
tudinal centres,  and  can  be  turned  between  the  forks,  so  as  to 
bring  into  action  whichever  end  of  the  leg  is  required.  A  small 
pinching-screw  is  passed  through  one  side  of  the  shank,  near  its 
extremity,  to  fix  the  leg  in  position. 
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Fig.  20  is  a  side,  and  fig.  21  a  front  view  of  a  pair  of  pen  com- 
passes of  this  class.     The  use  of  such  instruments  is  confined  to 


very  small  circles,  of  half  or  three  quarters  of  an  inch  in  radius  at 
the  most.  In  the  example  we  have  selected  for  illustration,  the 
centre  leg  is  of  brass,  or  german  silver,  and  is  in  one  piece  with 
the  milled  handle.  It  is  also  provided 
with  a  needle  point.  The  pen  is  made 
with  a  spring-tempered  steel  shank,  K, 
which  lies  in  a  groove  cut  in  the  centre 
leg,  or  body,  and  which  is  fixed  to  the 
latter,  at  its  top,  by  a  screw.  A  small 
screw  spindle,  l,  is  passed  through  an 
opening  in  the  pen  shank,  and  is  jointed 
to  the  centre  leg,  and  a  button,  or  nut, 
is  passed  on  to  the  screw  spindle  outside 
the  shank.  This  pen  shank  is  so  fixed 
as  to  have  a  tendency  to  stand  out  from 
the  centre  leg  to  the  full  extent  of  the 
instrument's  range,  and  by  turning  the 
button  of  the  screw,  l,  it  may  be  forced 
in  or  allowed  to  open,  so  as  to  give  the 
necessary  adjustment.  Fig.  22  is  a  side 
elevation  of  a  pair  of  slightly  modified 
spring-and-screw  compasses ;  it  is  shown 
with  a  socket,  carrying  an  engraver's 
burin.  An  ivory  handle  is  fixed  to  the 
centre  leg,  or  body  of  the  instrument;  and 

this  arrangement  is  considered  by  some  artists  to  give  greater 
control  over  its  action.  The  commoner  kind  of  spring  bow  com- 
passes consists  of  a  single  piece  of  steel  forming  the  two  legs,  and 


having  a  small  brass  handle  attached.  The  steel 
of  the  legs  is  so  tempered  as  to  give  them  a  ten- 
dency to  stand  apart,  and  the  radius  distance  is 
regulated  by  a  screw  in  the  same  manner  as  in  the 
instruments  represented  in  figs.  20,  21,  and  22. 

The  draughtsman  has  frequently  to  delineate 
circles  of  a  radius  far  exceeding  the  range  of  ordi- 
nary compasses,  and  for  this  purpose  he  must  pro- 
vide himself  with  "  beam  "  compasses.  A  good 
form  of  this  instrument  is  represented  in  side  eleva- 
tion, in  fig.  23,  and  in  transverse  vertical  section, 
in  fig.  21.  It  consists  of  a  wooden  bar,  or  rider, 
T,  of  considerable  length,  and  of  a  T  section,  being 
formed  of  two  strips  imited  by  a  dovetail  joint. 
This  construction  prevents  warping  or  bending, 
and  is  necessary  where  a  scale  is  cut  on  the  bar,  as 
any  deviation  from  a  straight  line  would  render  the 
measurement  inaccurate.  The  compasses  are  pro- 
vided with  a  pen,  or  pencil  leg,  and  a  centre  leg,  <t§g|  'J 
these  being  fitted  upon  the  bar  with  socket  pieces, 
K,  m'.  These  socket  pieces  are  fixed  at  any  point 
along  the  bar,  by  pinching  screws  at  the  side;  but 
to  prevent  the  point  of  the  screw  from  injuring  the 
bar,  a  loose  plate  of  metal  is  interposed  next  to  the 
bar,  as  shown  in  the  section,  fig.  24.  The  socket, 
m,  is  in  a  solid  piece  with  its  pen,  or  pencil- 
holder;  but  the  centre  leg,  n,  is  in  a  separate 
piece  from  its  socket,  m',  and  is  capable  of  minute 
adjustment  back  or  forward  in  the  latter.  The 
socket,  M,  has  a  cylindrical  groove  along  its  under  side,  in  which 
slides  the  head  of  the  leg,  n.       This  head  is   formed  with  a 


horizontal  screw  passage,  or  nut,  to  receive  the  screw  spindle, 
I,  which  is  held  by  an  eye  at  the  end  of  the  socket  groove, 
and  is  actuated  by  means  of  a  button  on  the  outside.      By 


IN 
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leg  is  fixed  to  the  bar,  and  the  moveable  leg  is 
c.rrir  1  by  ft  10 

and  Milling  upon  it.  An  additional  socket  is 
carried  by  the  bur,  nnd  is  Connected  to  the  first 
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fixed  at  a  convenient  point  on  the  bar  and  then  the  larger  socket, 
which  carries  the  moveable  point,  ]  is  set  back  or 

forward,  as  necessary,  by  the  longitudinal  -  ling  it  to 

'. 
Of  the  compasses  class  of  drawing-instruments,  there  now  re- 
mains to  be  described  the  proportional  dividers.     This  instrn* 
ment  il  I  I  front  and  side  elevation,  in  figs.  26  and  'J7. 
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will  serve  to  turn  the  screw,  e,  or  any  of  the  smaller  screws  in  the 
other  instruments. 

In  treating  of  drawing  ellipses,*  we  have  already  described  one 
of  the  many  instruments  constructed  for  that  purpose. 
Fig.  28.  Xhe  well-known  "  trammel "  is  one  of  the  simplest  in 
construction,  but  it  is  very  defective  in  practice.  In 
figs.  29  and  30  we  give  an  elevation  and  plan  of  a 
trammel  of  the  newest  and  most  improved  form,  in  which 
the  practical  defects  are  very  much  lessened,  but  the 
contrivances  by  which  this  approximate  perfection  is 
attained  are  of  such  a  nature  as  to  require  a  more  than 
ordinaiy  excellence  and  accuracy  of  workmanship  in  the 
construction.  The  trammel  consists  of  a  metal  bar,  R, 
on  which  are  fitted  three  sliding  sockets,  which  can  be 
adjusted  at  any  points  on  the  bar.  Two  of  these  sockets 
carry  centre  legs,  P,  O,  and  the  third  carries  a  pen,  or 
pencil,  s.  In  addition  to  these  details,  a  guide-plate, 
Q,  is  required,  having  a  couple  of  grooves  cut  in  its 
upper  face,  at  right  angles  to  each  other.  This  guide- 
plate  has  two  short  pin  points,  on  the  under  side,  to 
prevent  it  from  slipping  on  the  paper  upon  which  it  is 
placed.  In  ordinary  instruments  the  legs,  o  and  P,  ter- 
minate in  simple  points,  which  are  respectively  caused 
to  traverse  the  grooves  in  the  guide-plate,  Q,  in  describ- 
ing the  ellipse.  It  is,  however,  found  to  be  almost 
impossible  to  obtain  a  smooth  action  with  this  arrangement,  as 
the  pressure  on  the  points,  being  oblique  to  their  line  of  move- 
ment along  the  guide-grooves,  the  friction  is  apt  to  bs  irregular, 
and  so  cause  a  varying  motion  of  the  pen  or  pencil  point,  and  produce 

Fig.  29. 


Fig.  3U. 

an  uneven  outline.  In  the  instrument  represented  in  figs.  29  and 
30,  the  parts  which  traverse  the  guide-grooves  in  the  plate,  Q,  con- 
sist of  small  steel  wheels,  o,  p,  carried  in  the  forked  ends  of  the 

*  See  page  17. 


steel  spindles,  o',  p',  which  are  entered  loose  into  the  socket  legs, 
0,  P.  Thus,  whilst  the  wheels  considerably  alleviate  the  friction 
arising  in  traversing  the  grooves,  they  always  maintain  their  posi- 


tion with  regard  to  the  grooves,  whatever  be  the  position  of  the  bar, 
R,  and  pen,  s.  In  adjusting  the  instrument,  it  is  simply  necessary 
to  set  the  pen  and  centre  legs,  so  that  the  distance  of  the  two 
latter  from  the  former  shall  correspond  respectively  with  the 
semi-transverse  and  semi-conjugate  axes  of  the  ellipse  to  be 
described.  With  the  instrument  represented  in  the  engravings  it 
will  not  be  possible  to  describe  any  ellipse  which  does  not  lie 
wholly  outside  the  guide-plate,  Q  ;  and  where  smaller  ellipses  are 
required,  a  smaller  guide-plate  must  be  used. 

Beyond  comparison,  the  best  instrument  we  have  seen  for 
drawing  ellipses  is  that  invented  by  Mr.  Webb,  and  represented  in 
elevation  in  fig.  31,  and  in  plan  in  fig.  32.  It  consists  of  a 
lozenge-shaped  table,  A,  of  thin  metal,  supported  upon  four 
pointed  legs,  a'.  Two  parallel  guides,  n,  are  fixed  across  the  top 
of  the  table,  A,  and  a  disc,  c,  is  fitted  between  them,  in  such  a 
manner  as  to  be  just  capable  of  turning  and  sliding  between  the 
guides,  B.  The  disc  has  a  slot  at  one  side,  extending  from  the 
centre  to  the  circumference,  and  in  this  is  fixed,  at  any  point,  by  a 
screw,  D,  a  spindle,  F.,  passing  down  through  the  table,  A,  below 
which  it  has  fixed  to  it  a  slight  frame,  F,  cirrying  a  screw  spindle, 
o.  This  screw  serves  to  adjust  the  pen,  or  pencil,  n,  back  or  for- 
ward, on  the  frame,  F.  The  spindle,  E,  works  in  a  slot,  I,  in  the 
table,  A,  which  slot  is  at  right  angles  to  the  disc  guides,  B.  The 
instrument  is  caused  to  operate  by  turning  the  spindle,  E,  by 
means  of  the  button,  n,  which  action  turns  the  carrier  frame,  F, 
and  also  the  disc,  B.  It  then  follows,  that  if  the  spindle.  E,  were 
fixed  in  the  centre  of  the  disc,  B,  the  point  of  the  pen  would 
describe  a  circle.  If,  however,  the  spindle,  E,  is  fixed  eccentri- 
cally in  the  disc,  the  rotation  of  the  latter,  between  its  guides,  B, 
will  cause  the  spindle  to  traverse  the  slot,  I,  in  the  table,  A,  in 
such  a  manner  that  the  point  of  the  pen  will  describe  a  perfect 
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I  simple  and  practJc  ■   by  the 

ility  of  obtai'  ouiform  thicki 

• 

Jlowedinthi  i 
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Several  "  planiineters,"  or  instruments  for  mechanically  mea- 
suring the  area  of  plane  surfaces,  were  exhibited  in  the  Great 
Exhibition  of  1851,  and  are  noticed  in  Mr.  Glaisher's  admirable 
report  on  Class  X.,  "  Philosophical  instruments,  and  pro- 
cesses depending  upon  their  use."  All,  or  nearly  all  of  these, 
aimed  at  the  solution  of  the  problem  by  integrating  the  dif- 
ferential expression  of  a  curve,  traced  on  a  plane 
surface,  being  conceived  on  the  old,  and  now  almost 
forgotten,  view  of  the  differential  calculus,  which 
regarded  the  differential  of  a  magnitude  as  a  measure 
of  the  velocity  of  its  increase  at  any  instant.  Sup- 
pose a  straight  line  to  be  carried,  with  a  uniform 
motion,  along  the  base  line,  or  abscissa,  of  any  curvi- 
linear area,  remaining  always  parallel  to  itself,  and  per- 
pendicular to  the  base  line,  and  that,  during  this  motion,  a  moveable 
point  in  the  line,  so  carried,  is  always  kept  on  the  circumference, 
or  boundary  line,  of  the  area.  Then  it  is  clear,  that  the  velocity 
of  increase  of  the  area  will  be  proportional  to,  and  therefore 
measured  by,  the  length  of  the  ordinate,  or  portion  of  the  moveable 
line  included  between  the  base  line  and  the  describing  point. 
Again,  a  disc,  or  wheel,  can  be  supposed  to  revolve  with  an 
angular  velocity  always  proportionate  to  the  same  ordinate;  in 
which  case  the  total  angle  of  revolution  described  by  it  will  in- 
crease by  similar  increments  with  the  curvilinear  area,  and  will, 
consequently,  always  be  proportionate  to,  and  a  measure  of,  that 
area.  The  area  may  therefore  be  read  off,  upon  its  circumference, 
by  any  method  which  keeps  account  of  the  number  of  revolutions 
made  by  this  wheel,  which  may  be  called  the  integrating  wheel, 
disc,  or  roller.  If  the  circumferences  of  two  circles  be  connected 
by  teeth,  or  by  simple  contact,  so  as  to  work  together,  their 
angular  velocities  will  be  inversely  as  their  radii ;  so  that,  if  the 
radius  of  one  of  them  be  constant,  the  angular  velocity  of  that 
one  will  be  directly  as  the  radius  of  the  other.  Thus,  any  mecha- 
nical arrangement  securing  the  condition  that  a  roller,  or  disc, 
sbiU  be  carried  round  on  its  centre,  by  contact  with  a  uniformly 
revolving  circle  of  a  radius  always  equal  to  the  length  of  the 
variable  ordinate,  will  at  once  be  a  solution  of  the  problem.  The 
condition  alluded  to  may  be  obtained  by  employing  a  couple  of 
discs  at  right  angles  to  each  other,  or  by  using  a  cone  and  a  disc, 
with  their  axes  parallel  to  each  other.  The  former  construction 
is  adopted  in  one  or  two  instruments,  invented  by  continental 
mathematicians,  the  latter  by  Mr.  Sang  of  Kirkaldy. 

Mr.  Sang's  instrument,  which  is  represented  in  perspective 
in  fig.  35,  indicates  the  area  of  any  figure,  however  irregular, 
on  merely  carrying  the  point  of  a  tracer  round  its  boundary ; 
and,  besides  the  advantage  of  not  injuring  the  drawing,  it  pos- 
sesses that  of  speed  and  accuracy.  A  frame,  a,  carries  an  axle, 
which  has  on  it  two  rollers,  B,  of  equal  size,  and  a  cone,  C.  It 
is  heavy,  so  that  it  maintains  its  parallelism  on  being  pushed 
along  the  paper.  The  sides  of  the  frame  are  parallel  to  the  edge 
of  the  cone,  and  are  fitted  to  receive  the  circumference  of  four 
friction  rollers,  R,  which  move  along  A,  and  carry  a  light  frame,  F, 
terminating  on  the  tracing-point,  P,  to  which  the  handle,  H,  is 
attached  by  a  universal  joint.  The  frame,  F,  also  carries  a  wheel,  I, 
which,  by  means  of  a  weight,  is  pressed  on  the  surface  of  the 
cone,  and  receives  motion  from  it  as  the  tracer  is  carried  along  the 


paper.  The  index-wheel,  I,  only  touches  the  cone  by  a  narrow 
edge,  the  rest  of  its  circumference  being  of  smaller  diameter,  and 
containing  a  silver  ring  divided  into  200  parts,  which  are  again 
subdivided  by  a  vernier  into  2,000  parts.     The  value  of  each  of 
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these  divisions  is  the  -rioth  part  of  a  square  inch ;  so  that  one  turn 
of  the  wheel  represents  20  inches.  Another  index-wheel,  T, 
moved  by  I,  is  divided  into  five  parts,  each  of  which  represents 
20  inches,  so  that  a  complete  revolution  of  T  values  100  inches. 
The  eye-glass,  E,  assists  in  reading  the  divisions  and  vernier. 

It  is  apparent,  from  the  construction  of  this  instrument,  that  if 
the  tracer  be  moved  forward,  it  will  cause  the  index  to  revolve, 
not  simply  in  proportion  to  that  motion,  but  in  proportion  to  the 
motion  of  the  tracer,  multiplied  by  the  distance  of  the  edge  of  the 
index-wheel,  from  the  apex  of  the  cone ;  and  that  the  revolving 
motion  of  the  index  will  be  positive  or  negative,  according  as  the 
tracer  is  carried  backwards  or  forwards.  Hence,  if  the  tracer  be 
carried  completely  round  the  outline  of  any  figure — on  arriving  at 
the  end  of  its  journey,  the  index-wheel  will  show  the  algebraic 
sum  of  the  breadth  of  the  figure  at  every  point,  multiplied  by  the 
increment  of  the  distance  of  the  points  from  the  apex  of  the  cone; 
that  is  to  say,  the  area  of  the  figure. 

This  instrument  possesses  great  simplicity  of  construction. 
Both  factors  of  the  continuous  multiplication  are  directly  trans- 
mitted from  the  motion  of  the  tracing  point  in  the  simplest  manner. 
The  influence  of  the  elasticity  of  the  parts  of  the  machine  on  the 
accuracy  of  its  indications,  may  be  discovered  by  moving  the 
tracer  a  second  time  over  the  boundary  of  the  figure,  after  having 
turned  the  whole  instrument  round  1803.  The  effects  of  the 
imperfections  in  the  mechanism  will  now  have  changed  signs,  and 
one  of  the  results  will  probably  be  found  to  be  a  little  too  large, 
and  the  other  a  little  too  small.  The  average  between  the  two  is 
the  exact  area  of  the  figure,  and  is  more  to  be  depended  on  than 
the  results  of  measurements  made  by  scale  and  calculation  in  the 
usual  way.  A  careful  operator,  in  using  the  planimeter,  will 
always  take  the  average  of  two  tracings  in  this  manner;  but  when 
he  experiences  the  rapidity  with  which  this  may  be  done,  he  will 
find  the  trouble  as  nothing  in  comparison  with  the  harassing  labour 
of  calculating  by  scale  and  multiplication. 

Mr.  Miller  of  Woolwich  has  devised  a  very  useful  modification 
of  the  common  jointed  rule.  This  instrument  is  termed  a 
"  radiator,"  and  our  engraving,  fig.  3(3,  represents  a  portion  of 
it  in  plan,  whilst  fig.  37  is  an  end  elevation.  The  inner  edges  of 
the   legs  are  used   as  rulers,   and   the  joint  has   a   transparent 
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to  be  drawn  to. 
!  r.is*  legs  are  furnished 


Flf.ST. 


with  sockets,  which  admit  of  any  length  of  ruler  being  used. 
;itur  is  applicabia  to  the  following  purposes:— 

.  ur  geometrical  drawing,  to  a 

point  or  ■  as  ■  protractor;  for  ■  right- 

i.inglc,  or  any  otlur  ..  :  po    gons 

m  numbers  of  tides.     In  using  it,  the  centre  of  tl 

drawn  to,  and  a  line  is  drawn  along 
tlio  inner  edge  of  the  ruler  from  the  point   r,  ijnir    1.       Whi  n 

iwn  to  one  centre,  the  hand  nui.-t  ! 
upon  o::  "ther  to  be  moved  to  the   several 

run   of  protractor*,  or  instruments  for  setting  off  or 

'    a  third,  and 

much  a]  Of  a  circular  bar  divided  to  3G0", 

:ical  arms,  one  of  which  carries  a  vernier 

l  circle.     In  laying  oil"  angles,  or  in  the 

.  this  instrument,  the 

id  thence 

by  parallel   rulers,  or  some 
similar  adjunct.     Thl  instruments  are  m 

These 

iway  with  in  Mr.  Simpson's 

duplex  straight-edge  protractor,  which  is  represented  in 

plan  in  t'.      38.     A  gradual  forming  an  index  for 

i  bar,  a,  whi 
of  transverse  ban,  n,  with  a 
similar  bar,  A.  i  l  such  a  width 

as  to  admit  th  t  of  which  it  can  be 

.'   ' 

bat  stud. 

I 

I   li  slides  the 

with  the  r.idius 

I>agT!  8  and  PI . 


At  a  short  distance  from  the  centre  of  motion  of  the 
a  segmental  .  n  each 

■   ■   ■ 

graduations  of  the  quadrant  i  this  apparatus 

asured  and  Laid  off  by  the  quadrant,  and 

red   to  any  point  on  the    paper  without  the  aid  of  any 

additional  instrument,  as  the  whole  instrument  may  be  i 

any   desired  point  on   t  |    any   shift  ot 

■ 
With  additional  scales  on  t  J.  the 

instrument  maj  ale,  fur  plotting  sur- 

veys and  laying  down  sections. 

One   of    the   most   economically   u?i  ful     iu-trumrnts   of   the 
draughtsman   is  the   Pentagraph;    but   it   is  one    which   i 
such  extreme  accuracy  and  trutlifu'-  instruction,  that 

jority  of 
1  ins  of  it,  drawings  m .. 

nu  enlarged  or  a  redi.  carrying 

a  tracing  point  over  the  line*  of  the  original  drawn 
motion  of  the  tracing  point  is  communic  .  .mating 


a  ? 

a  ) 
o  f 

I . 


\.'/ 


Mating 
I  as  long  as  tho 
other,  thl 

■nu.  and  an  arrangement  is 
rcquln  i  th  of  tho 

two   radii,    but    in  such   a   manner   that    they   shall  continually 
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be  in  the  same  proportion  to  each  other.     This  is  effected  by 
making  the  main  lever  with  joints  midway  between  the  extremi- 
ties and  the  centre  of  mo- 
tion.    It  is,  necessary,  how-  F'°- i0- 
ever,  that  the  outer  joints 
of  the  lever  should  be  main- 
tained    constantly    parallel 


to  each  other,  and  it 
is  likewise  desirable 
that  the  instrument 
should  be  capable  of  adjustment  fordif- 
ferent  proportions,  otherwise  its  scope 
of  usefulness  would  be  sadly  narrowed. 

These  several  conditions  are  fulfilled  in  the  instrument  repre- 
sented in  our  engraving,  fig.  40,  which  is  a  pentagraph  of  the 
most  modern  and  approved  design  and  construction.  The  main 
lever,  A,  turns  upon  a  centre  carried  by  the  weight,  B,  which  has 
fine  points  upon  its  under  side  to  prevent  its  slipping  upon  the 
paper.  The  lever,  A,  passes  through  a  socket  at  the  centre,  and 
may  be  fixed  by  a  pinching  screw  at  any  point  of  its  length  ;  it  is 
graduated  at  the  side,  and  the  socket  is  formed  with  a  vernier 
index  for  the  estimation  of  minute  measurements.  To  the  extre- 
mities of  the  lever,  A,  are  jointed  the  discs,  c,  which  are  formed 
with  sockets  on  their  under  sides  to  receive  the  bars,  D,  E. 
These  bars  are  graduated  in  a  similar  manner  to  the  main  lever, 
and  vernier  indices  are  formed  in  the  plates,  c,  to  correspond. 
The  parallelism  of  these  bars  is  maintained  by  the  rods,  F ;  the 
tracing  point  is  at  G,  and  the  delineating  pencil  at  H,  or  vice  versa, 
as  the  case  may  be.  A  string,  I,  is  passed  from  the  tracing  point 
through  guide  eyes  at  the  joints,  C,  C,  to  a  small  bell-crank  lever, 
at  II,  by  means  of  which  the  pencil  is  raised  when  it  is  not  wished 
to  mark  ;  this  being  effected  by  drawing  the  string,  I,  at  the  tracing 
point.  As  represented  in  the  engraving,  the  instrument  is  ad- 
justed to  copy  a  drawing  upon  an  enlarged  scale.  To  obtain  the 
correct  action  of  the  instrument  it  is  necessary  that  the  tracer,  G, 
pencil,  H,  and  centre  of  motion,  B,  be  in  a  straight  line.  The 
proportion  of  reduction  or  enlargement  being  determined  on,  the 
main  lever,  A,  is  so  adjusted  in  its  socket,  B,  that  the  portions  of 
the  lever  on  eacli  side  of  the  centre  may  have  this  proportion  to 
each  other;  this  being  indicated  by  the  graduated  scale  on  the 
side  of  the  lever.  The  bars,  D,  E,  must  then  be  correspond- 
ingly adjusted  in  their  carrying  sockets,  the  distance  between  the 
tracer,  or  pencil,  and  joint  being  always  equal  to  the  distance 


between  the  joint  and  turning  centre  on  the  respective  side  of  the 
main  lever,  A.    The  instrument,  when  adjusted,  is  balanced  on  its 
centre  by  means  of  the  sliding  weight,  J,  upon  the  lever, 
A.      In  some  pentagraphs  the  rods,  F,  are  dispensed  with, 
unil  the  parallelism  of  the    bars,  u,   B,   maintained  by  a 
belt,  K,  indicated  in  dotted  lines,  passed  round  the  peri- 
pheries of  the  discs,  C.  grooved  for  the  purpose.     This 
belt  is  usually  of  thin  flat  steel  wire, 
similar  to  that  used  for  watch  springs 
— a   belt  of   ordinary  material  caus- 
ing inaccuracies, 
owing      to      its 
elasticity.      The 
arrangement     in 
which  the    rods 
are  used  is,  how- 
ever, superior,  as 
the  belt  is  apt  to 
slip,  or,  if  it  is  too  tight,  it  occasions  an  injurious 
strain  on  the  joints. 
Another  form  of  pentagraph  has  been  suggested  by  Mr.  R. 
Forster,  jun.,  of  Dublin,  which  seems  susceptible  of  being  rendered 
a  very  efficient  instrument.       It  is  delineated  in  fig.  41.     The 
small  and  Shallow  circular  box,  A,  contains  the  actuating  mecha- 
nism, and  is  arranged  to  turn  at  pleasure  upon  the  fixed  centre 
stud,  B;  and  from  each  side  of  the  box,  a  rod,  c  D,  projects,  the 
points  of  the  rods  being  brought  into  a  horizontal  line  with  the 
stud  centre,  B.     The  box  is  in  horizontal  section,  to  exhibit  the 


internal  gearing.  The  end  of  each  rod  has  rack-teeth  upon  it, 
the  teeth  on  the  rod,  c,  gearing  with  a  spur-wheel,  E,  fast  on  a 
stud  in  the  centre  of  the  box  ;  whilst  the  other  rod,  d,  similarly 
gears  with  a  pinion,  F,  on  the  same  centre.  These  two  wheels 
are,  of  course,  changeable,  their  relative  radii  being  always  deter- 
minable by  the  proportion  to  be  observed  between  the  original 
and  the  copy,  of  any  drawing  to  be  reduced  or  enlarged  by  the 
instrument.  The  same  relation  is  also  to  be  kept  up  between  the 
lengths  of  the  two  rods,  in  order  that  both  the  angular  and  longi- 
tudinal traverse  actions  may  coincide.  It  is  then  obvious  that 
whatever  figure  is  traced  out  by  the  point  on  one  rod,  will  be 
delineated  by  the  pencil  on  the  other,  in  the  proportion  deter- 
mined by  the  wheels  and  the  leverage  of  the  rods.  The  rods 
may  be  either  worked  on  opposite  sides,  or  both  on  the  same 
side. 


In  this  practically  descriptive  account  of  the  draughtsman's  tools,  we  have  endeavoured  to  put  the  student  in 
possession  of  the  best  examples  of  delineative  mechanism  which  the  collective  experience  of  the  time  has  produce. I. 
The  subject  is  a  wide  one,  and  would  bear  indefinite  extension  in  the  way  of  analysing  the  varieties  of  design  and 
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oonstraotioQ  which  individual  experi«  But  nich  ■ 

be  digressive^   and  we  have,  therefore,  steadily  adhi  itical  ezainination  of  what  trar  own  experience 

Warranti  "tin-  to  the  practical  draught  ud  moat  trustworthy  aide  in  the  prosecution  of 
lies  in  m&utrial  Design. 

With  this  our  ta.-k  is  acciuuj.li-li.  1.    The  ps  «  the  studi                 d  to  him  iii  the  hope  that  they 

may  be  found  to  form — 

"  A  volume  of  detail,  where  nil  il  wn," 

ami  thai  they  really  redeem  the  promisee  held  out  in  our  prefatory  remark  liah  language  now,  for  i 

in  connection  with  those  industrial  pnrsnita  which  have  rendered  the  1001  of  the 
I'.riti-L  Mauds  so  pre-emini  utly  I  1  [fit  fulfils  but  a. -mall  portii  n  of  the  purposes  for  which  we  have  d 

ill  rest  satisfied  in  having  accomplished  something  towards  the  spread  of  that  particular  education  in  which 
'mental  industrialist  has  hitherto  left  us  so  for  behind. 
'•  Hen  are  universally  divided,  as  regards  their  artUtical  qualifications,'1  says  the  eloquent  author  of  "  ." 

into  three  great  classes  s  right,  a  left  and  a  centra.  On  the  right  side  are  the  men  of  facta;  on  die 
ign;  in  the  centre,  the  men  of  both."  Lei  it  l>c  our  mission  to  weaken  this  disunion  of  the  two 
first,  by  adding  to  the  weight  and  Dumber  of  the  centre  or  composite  class.  The  right  and  the  lefl  may  each  hold  to. 
and  discuss  their  respective  facts  and  designs,  but  nothing  really  good  can  arise  from  all  this,  until  the  pj 
experimentalist  shall  impose  that  check  upon  the  theoretical  designer,  which  the  latter  will  again  return,  in  opposing 
the  false  deductions  arising  from  mirapprehended  facta     "An,"  .-ays  Whewell,  "1-  tie-  parent,  nol  I 

;   the  realization  of  principles  in  practice  forms  part  of  the  prelude,  as  well  as  the  sequel,  of  thl 
discovery."     I'm  we  must  guard  against  the  empiricisms  of  practice  by  judicious  theoretical  comparisons.    <>ur  men 
of  practice  and  our  men  of  science  have  lived  too  much  apart.    K The  dexterous  hand  and  the  thoughtful  mind,"' 
tin-  Labourer  who  toils  with  sweated  brow,  and  lie  who  exerts  the  conceptions  of  the  imaginative  brain,  find  their 
strength  in  union  alone. 

No  1 L  however  profoundly  it  may  he  designed,  or  however  clearly  it  may  be  written,  ran  make  a  draughtsman. 

To   certain   inherent   qualifications,  the   ambitious  student   must  add  attentive   assiduity  and   patient   toil.      The   first 

elements  will  in-  useful ;  tin-  seeoud  are  absolutely  essential.  Let  each  of  our  readers  recall  the  admirable  words  of 
Gibbon: — '•  Every  man  who  rises  above  the  common  level  hat  received  two  educations — the  first  from  his  teachers  j 
•ud,  more  personal  and  important,  from  himself."  These  are  words  which  Bacon  would  have  -aid  must  he 
"chewed  and  digested."  In  his  ■•  Advice  on  the  Study  ami  Practice  of  the  Law,"  Mr.  Wright  has,  most  happily 
and  effectively,  discussed  a  similar  topic.     Be  jaj  -.  "  The  student  may  rest  assured  that,  without  industry,  and  that 

confidence  which  an   ardent  love  of  fame,  and  an  enthusiastic  de-ire  for  iinj.rov.nent.  never  fail  to  inspire,  be  will  not 

become  1  minent ;  and  he  must  remember  that  society  forms  a  very  different  opinion  of  the  man  «(  sound  judgment 
and  perseverance,  who  seldom  fails  in  his  attempts,  and  the  fanciful  and  rain,  who,  whilst  they  imagine  themselves 

pablt  to   ham   than  others,  pass  their  lives    in  indolent  or  trifling  pursuits,  without  acquiring  that  knowledge 

of  their  profession  which  ensures  accuracy  and  success  in  practice."  These  are  the  well-considered  ideas  of  men  who 
ombined  both  thought  and  action.    Their  pithy  eloquence  embodies  whole  chapters  of  matter  worthy  of  sinking 

deeply  into  the  student's  memory,  where  they  must  arouse  him  from  any  dreamy  and  deceptive  contemplations  ox 

comparative  excellence ;  tor  the  superficial  thinker  is  hut  too  apt  to  he  thus  led  away,  forgetting  that  suchcompa- 
continually  lessen  the  advantages  on  his  side,  as  the  acquisitions  which  he  perhaps  superciliously  boi 

mouldering  away. 

With   these   views,    and   to   farther  such   ends,    we   have   written   this  hook;   and   with    such    views   do  we    DOW 
Commit  the  venture  to  the  world  of  industrial  readers. 
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